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HI GHLI GHTS OF THE BEAR LAKE Fl| SHERY

The Lake
Hi story and Description

Bear Lake is an old |ake. The | ake basin was formed during the
growt h of the surrounding nmountains, and since that tinme a | ake has
been present whenever the climte has been wet enough, probably
completely drying up during very dry periods.

The present | ake was probably in existence at |east as far back
as the last glaciers when Lakes Bonneville and Lahontan filled much
of the Great Basin. At that tinme Bear Lake filled the entire valley,
which is about 50 mles long by 8 to 12 mles wide. The | ake was
deeper then, and traces of the old shorelines can still be seen. The
present | ake occupies only the southern end of the valley. It is just
| ess than 20 mles long and 4 to 8 mles wide. As the | ake becane
smaller a |large marsh formed at the north end. Wnd and waves
gradually built up a natural dike, or beach bar, separating the | ake
fromthe marsh. This beach bar now forms the northern shore of the
| ake. Sim | ar beach bars can be seen at the south end and at ot her
| ocations around the shore.

When the |ake filled the entire valley, the Bear River fl owed
into it. As the | ake became smaller the |ake and river separated
and for a long time before man's interference the Bear River fl owed
into and out of the north end of the valley w thout entering Bear
Lake. During this time Bear Lake was dependent on the flow of the
smal |l streans of the |ocal watershed. Wth the climate as it is now
it takes about 4/5 of this flow to keep up with evaporation.
During dry periods evaporation probably exceeded the inflow and the

| ake became smaller than it is now, with no water flowi ng out.
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Just after 1900 Tel |l uri de Power Conpany began construction of
dans and canals to divert the Bear River into Bear Lake. In 1912 the
Ut ah Power and Li ght Conpany succeeded the Tel luride Conpany and
conpl eted construction of the present system At present water
fromBear River is diverted into Bear Lake when not needed downstream
and then returned to the river by punping it out of the |ake when
nore water is needed in the river. It is possible to |ower the | ake
21 feet by punping, but the fluctuation in any one year is usually
3 or 4 feet.

Bear Lake is deepest along the east side, with the greatest
depth, found during this study, 208 feet bel ow the high water | evel
(Map, p. ). The |l ake gradually shallows toward the west shore,
but over half the |ake is deeper than 100 feet.

The north, northwest and southern shores are sandy beaches.

Much of the rest of the shoreline is rocky. The rocks do not extend
very far into the water except off the larger deltas and points; a
drop in water |evel of 10 feet woul d expose nost of them Beyond
the rocks the bottomis sand to a depth of about 25 feet. From 25
to 75 feet the sand is gradually replaced by silt and marl, and
bel ow 75 feet the bottomis a fine gray silt marl.

There are many snail shells and small clam shells on the shores,
particularly along the north and northwest, and in the bottom materia
of the northern part of the |lake. Neither the snails nor the clans
are found alive in the | ake today. They were probably nost nunerous
when the | ake was at its higher levels, and are believed to have
been killed off when the | ake becane smaller than the present size
and its mnerals nore concentrated (during a dry period) about

5, 000 years ago.
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The lake is usually quite clear, exceptions being at the north
end when nmuddy water from Bear River is entering, and after a storm
when waves have stirred up the bottommaterials. Its characteristic

bl ue-green color is caused by the | arge anmounts of carbonates dis-

solved in the water

By |ate sumrer the surface water usually warns up to about 70°F
This warm | ayer extends down about 30 to 50 feet and then the water
cools rapidly with the water bel ow 150 feet usually never warner than
42°F. In winter, if the | ake does not freeze, the entire |ake may
cool to 35.5°F. The | ake usually freezes over (about 4 years out
of 5 according to the records). A conplete ice cover usually cones

in late January or early February, and breaks up in April.

Plant Life

There are few plants growing in Bear Lake. A few patches of
cattail and bulrush grow al ong the northwest shore, and bulrush is
fairly cormmon al ong the west shore. Beds of pondweed are fairly
abundant in water 5 to 25 feet deep along the northwest shore with
only an occasi onal bed al ong the east shore.

The swanp north of the | ake has good grow hs of these plants and
several others. Earlier investigators had suggested that too nuch
zinc in the water of Bear Lake m ght be preventing the good growth
of the plants. Results of tests nmade during this study have shown
that there is not at present enough zinc in the water to reduce the
pl ant growth. Lack of shelter fromthe waves and the fluctuating

wat er | evel appear to be major factors presently limting growth of

rooted aquatic plants.



In addition to the larger plants, al gae of several kinds grow
on the rocks, plant stens and ot her objects under the water wherever
[ ight can reach them There are also many very small al gae floating
in the open water. They are present in trenmendous nunbers, sorme-
times over a mllion in a quart of water, but are so snmall that they
can only be seen under a mcroscope. These small cells, phytopl ankton,
probably contribute nore plant food to the |ake than all the other
pl ants conbi ned. Bear Lake is many tinmes |ess productive of plant
food than sone of the |lakes in the regi on which produce nmuch excel -

I ent fishing; such as Henry's Lake, Fish Lake or Panguitch Lake. In
t hese | akes plant beds are | arge and nunerous, and phytopl ankton are
of ten abundant enough to nake the water green and m | ky. These | akes
are nmuch smaller and shal |l ower than Bear Lake. Conpared to ot her

| arge deep | akes such as Priest Lake or Lake Pend Oreille, Bear Lake
is not extrenely unproductive.

Animal Life

The subnerged rocky areas al ong shore and the plant beds contain
quite a few scuds (sometines called shrinp or side-swimers). There
are al so sone aquatic insects nynphs (mayflies, dragon flies, dansel -
flies) and quite a few mdge |arvae (small, bright red). Wen the
wat er is high and good cover is avail able these forns are quite
numer ous; as the water goes down and the rocks and plants are
exposed their nunbers decrease, and when the | ake reaches 10 feet
bel ow the maxi mum |l evel only a few are found in the isolated patches

of cover.



The sand areas have little life, except in the few plant beds
growing there. In water 25 to 70 feet deep, where the sand has silt
and marl mxed with it, are found m dge | arvae, aquatic wornms and
numer ous ostracods (a very small crustacean). Bel ow about 70 feet,
in the soft marl bottom the aquatic worns becone nost nunerous; the
ostracods are fairly abundant, but few m dge | arvae are found.

In addition to these bottomliving fornms, several Kkinds of
smal | crustaceans and rotifers are found in the open water (the zoo-
pl ankt on) where they live on the small plants previously nentioned.

One fish, the cisco, feeds on the zooplankton in the open water.
Most of the plankton, both plant and animal, die and sink to the
bott om where they provide food for the worns, ostracods and m dge
| arvae. These in turn provide food for the fish. Mst of the fish
food in Bear Lake is produced in the open water or on the bottom

in deep water.



-6-
The Life History and Abundance of Fish

The two nost numerous fish in Bear Lake are the Bonneville cisco
and the scul pin (bull head), but no one knows certainly which of these
is nore abundant. Collectively these two small fish probably anount
to about half the fish in Bear Lake. They have one very interesting
di fference. The cisco noves freely throughout the pellagic |ake
at all depths (actually, relatively few of them are near the bottom
unl ess they find an area where the tenperature and the food suits
them . The scul pin, on the other hand, is always on, or near the
bottom

The Utah sucker is not as numerous as either the cisco or the
scul pin (possibly 20 percent), but it contributes a total poundage
greater than that of either of these two fish. Collectively the
three other members of the whitefish famly in Bear Lake; the Bear
Lake whitefish, the Bonneville whitefish, and the mountain whitefish
are next in abundance. It is believed that the Bonneville whitefish
is the nmost abundant ofthese three whitefish. The Utah chub is next
i n abundance; however, it is relatively scarce in nunber and probably
represents not nore than 4 percent of the total nunber of fish in
the | ake. The carp is next. To the casual shore observer the carp
appears considerably nore inportant than it actually is. This is
because of its habit of swimm ng at or near the surface generally
wi t hin sight of shore; however, carp do occasionally nove out a mle
or nore from shore. The nunber of carp is estimted at 3 percent.
The three inmportant and sought after trout are the | ake trout
(macki naw), the cutthroat trout (native), and the rainbow trout.
Col l ectively these three fish probably do not represent nore than

3 percent of the total fish population.
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Yel | ow perch, green sunfish, Carrington's dace, and small fin
redsi de shiner are present, but in very small nunbers.

In summer the fish are widely scattered throughout the |ake, and
relatively few of themare close to shore. The rai nbow trout stays
nearer to shore than either the cutthroat or the |ake trout. Cenerally
the cutthroat trout stays in water 75 feet deep or less in sunmer.

The |l ake trout is nore active in sumrer than in winter, and generally
is at depths between 50 and 100 feet and near the bottom The two
fish which live in the same general habitat as the | ake trout are the
Bonnevill e whitefish and the scul pin. The Bear Lake whitefish, to a

| esser degree is also associated with the [ ake trout during the summer
nmont hs. The cisco's summer novenent is apparently governed by tenper-
ature, but during the spawni ng season (|l ate Decenber and January) the
ci sco stays nuch closer to shore and to the bottom The carp and the
yel | ow perch apparently prefer shallow water, and both of them nove
about considerably nore in summer than in winter. They are nost
abundant near shore, and the carp is frequently near the surface on
war m days. The Utah chub stays near shore, usually in water not nore
than 25 feet deep during the summer nonths. In winter it may nove

i nto deeper water.

The Utah sucker is nore active in the summer than during the
rest of the year, but it noves freely throughout the | ake at all tines
- even into the deepest water.

Plants are rare in Bear Lake; however, the tule beds do attract
sone fish such as the young of scul pin, sucker, and U ah chub.

Trout |less than 10 inches |ong apparently have a difficult tinme

finding sufficient food. Larger trout are generally in good condition
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presumably because they are able to feed on forage fish.

Apparently very few of the | ake trout spawned in the | ake mature
and reach the creel. Most of the |ake trout spawning is in the area
bet ween north and south Eden on the east side of the lake. In this
area, the bottomis rock and rubble, but nost of the rocks are covered
ttiith a layer of silt. This silt my suffocate many of the eggs and
| eave others exposed to predation, since the |ake trout does not build
a redd. Cutthroat and rainbow trout spawn in the three | argest
tributaries to Bear Lake. Of these three, St. Charles Creek is the
hest, followed by Swan Creek and Spying Claek. W were not able to
establish just how much natural reproduction supports the fishery,
but evidence indicated that rainbow trout reproduction is mninmal.
Possibly a few nmore naturally spawned cutthroat trout reach the creel
however, artificial stocking probably contributes the bulk of the fish.

It is believed that the rainbow trout grows fastest and survives
best when the | ake level is at or near maxi mum and fluctuates | east.
This condition does not often occur: actually a fluctuating |evel

somewhat bel ow maxi mum i s normal .
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Suggestions on How, Were and When to Fish

Bi ol ogi sts are really asking for trouble when they nake recom
nmendati ons as to how one's creel nmay be better filled. So |let us
state our case clearly at the beginning of this discussion: we are
reporting only trends in fisherman success suggested by data col -
| ected during three years of creel census. Part of the study
reported in this bulletin reveals the reason for the relatively
poor catch by sonme fishernmen on Bear Lake; therefore, it is considered
i nportant that the practices of nore successful fishernmen be made
known to those who intend to spend much tinme fishing Bear Lake.

Time of year and |location on the | ake seemto have inportant
beari ng on nunbers and ki nds of fish creeled. For exanple, nore
than 80 percent of the cutthroat trout have been taken by trolling
with a lure near the bottom or by fishing fromthe southeast
shore with a spoon type lure in late April or May. The nunber of
cutthroat taken from shore at other tines or places is very |ow
A study of distribution of cutthroat, nade with gill nets, indicates
that this species is found of fshore during nost of the year but
that cutthroats are sel dom nunmerous at depths exceeding 75 feet.
Oten the cutthroat is just beyond casting distance fromthe shore.
Fi shermen who used bait (usually worms) caught very few cutthroat.

Catching lake trout is primarily a reward for |ong hours of
trolling in noderately deep water, using |lead core line or a quite
heavy sinker, Except for brief periods in |ate spring and early
fall, the |ake trout in Bear Lake are not taken by casting from

shore. Fromthe end of Novenber until late in May this fish is
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sel dom caught. Probably the best tinmes of year to troll for |ake
trout are late sumer and early fall. The best location is open to
guestion, but gill net catches indicate a fair popul ation al ong
both the east and west shores of the | ake. Al though |ake trout in
Bear Lake are at times in very deep water, their greatest popul ation
densities seened to be at depths between 50 and 100 feet. The
successful fishermen who were willing to give out "trade secrets”
were unani mous in the opinion that any trolled lure nust bunp the
bottomto be effective for |ake trout.

Rai nbow trout are nost often taken by snore fishernmen who are
content to soak a "gob of worns." Lures, trolled or cast, catch
relatively few rainbow trout. The tine of year when the rate of
success for this species is highest usually follows that tinme when
a plant of |egal-size rainbow trout has been nmade. Few rai nbow
trout |ast fromone season to the next.

The Bonneville whitefish is caught chiefly between the |ast week
in Novenber and the end of Decenber. Although inportant in creels
during the winter of 1953-54, the nunber of Bonneville whitefish in
creels declined steadily until spring of 1954. Since then, very
few have been taken. The large individuals, weighing fromtw to
four pounds, are generally caught during the first half of Decenber.
Al though a few whitefish are taken with flies and spoons, nore than
95 percent are caught by still fishing wwth worns. The other white-
fish in Bear Lake are not taken. lce fishing was not a good
producer of whitefish in 1955.

The yell ow perch produces an intermttent fishery. Yellow

perch appear to be caught in great nunbers in the fall and w nter
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followwng a large spring inflow fromBear R ver, but this theory
has not been conclusively proved. Fishing for perch in October
1952 was phenonenal |y successful near the punping station at the
north end of the lake. During that nonth and during the ensuing
wi nter and spring, great nunbers of yellow perch were caught. The
contrastingly poor fishery for yellow perch in 1954 and 1955 has been
attributed to small inflows during those preceding years. The
effect of the inflows is probably to wash great nunbers of perch
from Mud Lake into Bear Lake. Yellow perch were rarely taken, either
by hook and line or by experinmental gill net, nore than a few mles
fromthe two inlets. The size of yellow perch in Bear Lake nmake
thema desirable fish, but in many | akes, where they are stunted,
they are considered trash fish. Still fishing with worns or pieces
of fish takes nost of the yell ow perch.

No ot her gane fish was seen in the creels despite the fact that
nunbers of several other species were stocked in the 1930's. Large
nunbers of non-gane fish such as carp, sucker, and Utah chub are
taken; but since nost of these are discarded it is inpossible to get
an accurate estimate of their nunbers. Fornms seemto be the best
bait for non-gane species, but it was obvious that many of these
fish were unwilling victins of a snag hook that caught themin parts
of the anatony other than the nouth.

Shore fishernmen using spinning tackle caught about 15 percent
nmore gane fish in a given period than those who used ot her types of
gear. The advantage was nuch greater when only cutthroat trout and

| ake trout are considered. For these species, spinning tackle in

t he hands of shore fishernmen takes about twce as many fish in a



-8d-

gi ven period as any other type of tackle. Boat fishernmen using
regular trolling reels and lead |lines took many nore fish than those

who attenpted to troll with other types of gear,

The Creel Census

The estimated nunber of fishernmen at Bear Lake has declined
from12,000 in 1953 to 9,000 in 1955. The cause of this decline
can only be specul ated on; however, it is believed that it has been
caused, in part, by the conpl ete di sappearance of the yellow perch,
and by a decrease in the nunber of rainbow trout caught.

About 70 percent of the persons who fish Bear Lake are from
Cache, Wber, and Rich Counties in Uah; nost of the renmaining 30
percent are from Bear Lake County, |daho. An econom ¢ survey indi-
cates an average fisherman spends $9. 13 a day, which is chiefly for
fishing gear, boots, boats, trailers, and canping gear. Relatively
little of this noney is spent locally. The total estinmated anount
of noney spent by Bear Lake fishernen in 1953 was $109, 000 or $1.50
per surface acre. This may be conpared with the $82.00 per acre
on Navaj o Lake and $283. 00 per surface acre on Panguitch Lake.

Fi shermen made catches of gane fish at the rate of .33, .26, and .18
fish per hour in 1953, 1954, and 1955, respectively. During the
appropriate seasons whitefish and yell ow perch were caught at the
rate of about 1/2 fish per hour, the highest rate of success for

any fish. The next best catch rate was that for rainbow and cutthroat
trout. The | ake trout, the hardest fish to catch, required an
average of 33 hours' effort for each fish.

Probably the nost dissappointing single feature of Bear Lake

fishing is the very low return of planted rai nbow. Only about one
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out of every 20 fish planted during the period covered by this study
was returned to the creel, and the highest return for any plant was
about one out of every five fish. Rainbowless than 10 i nches | ong
apparently suffer a very high and perhaps quick nortality in Bear
Lake. These fish may either starve during the first winter after
they are stocked or be caught by bigger fish within a few weeks after
they are planted. Fish larger than 10 i nches, on the other hand, are
able to fend for thensel ves and are the nost econom cal to plant
even though they cost nore per fish. Actually the rainbow catch is
no nore discouragi ng than the cutthroat ,,atch, which is estinmated at
about 1200 fish per year over the period from 1946 through 1955.
This small catch resulted fromthe very limted natural spawning
pl us the stocking of nore than 2,000,000 cutthroat trout ranging
fromfry to legal-size during this sanme 10-year period. It appears
that the cutthroat trout planting program |ike that of the rainbow,
does not result in a large return to the creel.

The majority of |ake trout caught are 24 inches |ong, and sone
are nmuch longer. There is no question that many fishernen continue
to return to Bear Lake for the chance of catching one of these |arge
and highly prized fish. The cutthroat trout is the next |argest
fish taken. Many of them exceed 18 inches, and sone are consi der-
ably larger. The Bonneville whitefish is the next largest fish in
the creel often reaching 16 inches; it is followed by the yell ow
perch, which may frequently exceed 12 inches.

A breakdown of the kinds of fish caught and their frequency in

the creel is presented in Figure 1.



| NTRODUCTI ON
Hi story of Fishery

Bear Lake is popular with fishernmen in northern Utah and sout hern
| daho for several reasons. First, it is the only large |lake within
a 100-mle radius that is open to winter fishing, a season when nost
ot her areas are closed. Second, the |arge | ake trout and cutt hroat
trout taken from Bear Lake are trophies well worth going after.
Moreover, in sumer Bear Lake is a beautiful place to water ski, boat,
and swm The vastly increased nunber of fishernen in recent years -
Stinulated a renewal of interest in Bear Lake fishery research by
both the Utah and I daho Fish and Gane Departnments and by the Wldlife
Managenent Departnent at Utah State Agricul tural Coll ege.

During the first quarter of the twentieth century, a fairly
substantial conmercial fishery operated on Bear Lake. At first, fish
wer e caught by set lines, seines, and gill nets, when M. Louis
Peterson, a fisherman from Sweden, noved to Bear Lake and initiated
nore effective methods of catching fish (particularly the cisco, a
small whitefish) with gill nets in both sumer and w nter

Previously, only gill nets made in the United States had been
used to take Bear Lake fish. The nesh of these nets was too | arge
to capture cisco. M. Peterson obtained nets of a smaller nmesh size
fromhis native country and effectively fished the cisco (Perry, 1943).
The commrercial fishernmen harvested | arge nunbers of suckers during
their spawning runs in the spring. They took nmany cutthroat trout
and sold themin narkets as far away as the state of Washington. After
t he advent of M. Peterson's nethods, the Bonneville cisco becane an
inmportant itemboth as bait for the trout fishery and as fish for

human consunpti on.
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Legi sl ative action by Utah and Idaho in the early 1920's termn’
ated all this commercial fishing. For many years thereafter, the
sport fishing was confined to the general open season for trout, which
was fromearly summer to early fall. In 1952, the | ake was opened to
year round fi shing.

Previ ous Research Projects

Several scientific parties have investigated the Bear Lake fishery.
The earliest, a short survey nade in 1912 by George Kemmerer
J. F. Bovard, and W R Boorman, was part of a prelimnary exam nation
of the western trout waters by early ichthyol ogi sts. These nen

reported | arge nunbers of bluenose trout (Salno virginalis) and

Wl lianson's whitefish (coregonus williansoni) from Bear Lake

(Kemmerer, Bovard, and Boorman, 1923). The bl uenose is undoubtedly
the one that was |ater described as the Utah cutthroat trout and is

at present believed, by us, to be extinct. They al so reported that

t he bl uenose could be taken only with difficulty by sport fishernen;

t hat nost catches canme fromnets or set lines. It is our belief that
the so-called WIlianson's whitefish, now known as the nountain white-
fish, is rare in Bear Lake. The few that do appear drift in from

Bear River.

In 1915, J. O Snyder, assisted by Carl L. Hubbs, made coll ections
in Bear Lake and recogni zed three new species of whitefish which
Snyder | ater described (1919): the Bonneville whitefish, the Bear
Lake whitefish, and the peaknose ci sco.

I n Septenber 1930, Tanner (1936) made gill net collections of
cisco in Bear Lake. He exam ned 30 stomachs and reported nore than

95 percent of the food consisted of Di aptonus. .
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In 1933, A S. Hazzard nade a brief fishery investigation of
Bear Lake.

In 1938, Stillman Wight of the U S. Bureau of Fisheries and
L. Edward Perry, who was collecting data on the Bonneville cisco as
part of his doctoral research, began study of Bear Lake. In 1939,
this investigation devel oped into an extensive study when the Fish and
Game Departnments of both Utah and | daho added their cooperation. This
study continued until 1941. In the fall of 1951, the WIdlife Manage-
ment Departnment at the Utah State Agricultural College initiated a
[imted program of research on fish life history and populations in
Bear Lake. On Septenmber 1, 1951, the Utah Fish and Gane Depart nent
initiated the first three Dingell-Johnson projects in the United
States. One of these covered the Bear Lake research.' In 1953, the
| daho Fi sh and Gane Departnent joined the research under their
federal aid program ?

The federal aid field programwas term nated Decenber 31, 1955.
A study of the bottom fauna continued through part of 1956. It is
hoped that future research may be conducted on the phytopl ankton and
zoopl ankt on popul ati ons and popul ati on dynam cs of the smaller fish of
Bear Lake.

In this bulletin all avail able data, whether previously published
or not, are correlated. It is hoped that the result will be a better

under st andi ng of Bear Lake and its fishery.

1
D-J Project No. F-1-R-1,2,3

2 DJ Project No. F-10-R 1,2, 3
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LI MNOCLOGY OF BEAR LAKE
Hi story and Description

Bear Lake occupies the southern end of a high nountain valley
that was fornmed by uplifting and faulting during the growth of the
surroundi ng nountains. At one tine the lake filled this entire
vall ey, which is 50 mles long by 8-12 mles wde. Traces of old
shorelines are visible about 11, 22, and 33 feet above the present
maxi mum | ake | evel el evation. These hi gher stages probably occurred
at the sane tinme Lakes Bonneville and Lahontan were at their maxi num
in the Geat Basin (Mansfield, 1927).

The present | ake is oval - alnobst rectangular in shape - just
less than 20 mles long and from4 to 8 mles wide; its |engthw se
axis lies alnost directly north and south. The north and south
shores of the |ake are fornmed by | arge natural beach bars. The bar
at the north end separates Bear Lake from Di ngle Swanp, the open
wat er portion of which is called Miud Lake (Fig. ).

Al ong nost of the east shore a steep nountain face forned by a
fault running parallel to the | ake rises alnost fromthe water's edge.
The western shore rises nore gradually through foothills to a high
ridge, the highest point of which is Swan Peak (el ev. 911 ft.)"  Swan
Peak is due west fromthe approxi mate center of the | ake.

The bottom topography of Bear Lake is extrenely regular, and it
reflects the shore characteristics. The | ake is deepest along the
east shore and gradually shallows toward the west. The greatest
dept h nmeasured during the study was 210 feet; this was at a point

about 1/4 mle off the east shore and just north of South Eden delta.
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When full, the | ake has a surface area of just |less than 110
square mles. The 48-mle shoreline is regular and has no maj or
coves or bays.

Physi cal Characteristics

Wat er Supply

The wat ershed draining directly into Bear Lake covers only about
250 square mles, and contains just three tributary streans of any
consequence; the south fork of St. Charles Creek, Swan Creek, and
Cott onwood Creek. Their combined maxi mum flow is | ess than 200 c.f.s.
Swan Creek heads in a large spring a mle fromthe | ake, and Cotton-
wood Creek is formed by the confluence of several smaller streanms a
short distance fromthe |ake. Only St. Charles Creek comes froma
| ong well devel oped canyon; it extends 12 to 15 mles back fromthe
| ake, but it divides just outside the canyon nmouth so that approxi-
mately two-thirds of the flow goes through the north fork into Dingle
Swanp rather than into Bear Lake.

Fish Haven Creek, North Eden Creek, Fallula Springs, and Indian
Creek are small permanent streams. Their combi ned maxi mum flow is
l ess than 25 c.f.s. Nunerous seeps and springs occur along the west
shore and sone al ong the northeast shore of the |lake. Their flowis
difficult to measure, but they appear to contribute a significant
percentage of the total |ocal inflow.

The flow of all streams naned above is largely diverted for

irrigation. The smaller creeks are at tinmes conpletely diverted, and
usual ly less than 10 c.f.s. reach the | ake from each of the three

| arger creeks.
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M, W N Gbson of the Logan office of the U. S. Geological
Survey has cal cul ated that over the years 1924-1954 the total contri-
bution of the |ocal watershed has averaged 66,000 acre-feet. He has
cal cul ated the average | oss by evaporation over this sane period at
55,000 acre-feet, leaving a differential of 11,000 acre-feet for
out fl ow.

The Bear R ver enters the valley on the northeast side and fl ows
out directly north. At the higher |ake levels indicated by the old
shorelines, Bear River was a direct tributary of Bear Lake. At the
present level, Bear River is 8 mles away at the closest point; and
prior to the man-nmade connections constructed in the early 1900's
the river probably had not contributed water directly to the | ake for
sone time. Prior to 1900 a natural outlet left the | ake near the
west side of the north shore and neandered through the Dingle Swanp
to join the Bear River at a point 16 mles north of the | ake.

In 1907 the Telluride Power Conpany began construction of
facilities that woul d enabl e diversion of Bear River water into
Di ngl e Swanp and Bear Lake as storage for both power and irrigation.
Inlet and outlet canals were dug, and the natural outlet was cl osed.
A di ke and spillway were constructed across the outlet canal at
Paris, lIdaho, which would control the water | evel of D ngle Swanp
and Mud Lake. In 1912, the Utah Power and Light Conpany succeeded
Tel l uri de Power Conpany and subsequently dug a new and | arger inlet
canal froma damon the Bear River at Stewart, and al so wi dened and
deepened the outlet canal. Facilities were constructed that permtted

control of the exchange of water between Bear Lake and Miud Lake.

The punping station, near the center of the north shore
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of the | ake, has two 6- by 12-foot gates through which water can nove
by gravity flowin either direction, and five 750 h.p. electric
centrifugal punps which can lift water from Bear Lake into Mud Lake
when Bear Lake is too lowto flow out by gravity. A spillway about
1/4 mle east of the punping station permts gravity flowin either
di rection depending on water levels. It is possible to discharge

up to 4,000 c.f.s. fromMid Lake into Bear Lake by using both inlets,
t he exact maxi num dependi ng upon the differences in elevation. The
punps have been neasured at approximately 400 c.f.s. each; thus, they
have a conbi ned maxi mum punpi ng capacity of about 2,000 c.f.s.

Since conpletion of these facilities in 1918, the system has
been operated in essentially the follow ng manner. The entire fl ow
of Bear River is directed through the inlet canal into Mud Lake
(the older Telluride canal is not used). Water is rel eased through
the control gates at the Paris di ke as needed for downstreamirriga-
tion or power generation. \Wen the river flow exceeds downstream
requi renents, the excess is diverted into Bear Lake through the
punpi ng station and/or spillway. Wen requirenents exceed the river
flow, water is transferred from Bear Lake to Mud Lake, by punping if
necessary. The maxi num | ake el evation is 5923. 65 feet above sea
| evel. The punps will not operate when the | ake el evation is bel ow
5902.00 feet. This permts a possible fluctuation of 21.65 feet
in |ake level. The, average fluctuation from 1917 to 1955 was j ust
over 3.5 feet. The largest reduction in | ake level in any one year
(sumrer of 1926) was 8.5 feet. The largest gain frominflow was 6.5

feet, in the spring of 1946. The | ake was at the maxi mumlevel in
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1921-1923, and it has been at that point only once since, in 1950
(Fig..3).

The only records of fluctuation in |lake level prior to man's
interference are froma gauge on the | ake shore just north of Fish
Haven (U. S.G S., Water Supply and Irrigation Paper No. 176). Readi ngs
were made during October, Novenber and Decenber 1903, and from August
1904 to June 1906. The maxi mum fl uctuation recorded during that
period was 1.7 feet. The gauge readings were relative nmeasurenents
only, and were not relaxed to an absol ute el evati on.

Bott om Types

Aside fromnarrow and limted rocky areas at the shoreline, the
bottomis conposed of finely divided nmaterials. A drop of 10 feet
in water |evel below the 5923. 65 feet nmaxi mnum exposes all of the rock
areas except on the larger deltas and points. The rocky littoral
zone is estimated at |less than 0.001% of the total bottom area.

In general ,the size of the particles decreases with increasing
depth. Fromthe shore to a depth of about 25 feet the bottomis
sand, except for the rocky areas previously nentioned. This sand
is gradually replaced by silt and marl; bel ow about 75 feet, the
bottommaterial is a fine gray silt marl that is 58 percent C,CO;,

Snail and clamshells are in the bottomand shore material in
al nost all parts of the |ake, but no live specinens of either the

snails or clans have been found during this or previous studies.
The shells are nost abundant on the north and northwest shores.

Al ong these shores wave action piles up nunerous w ndrows of shells,
which are collected at tinmes by | ocal residents as a source of

cal ci um for chickens.
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A representative collection of these shells was sent to the
Smthsonian Institute for identification. The institution reported

that the predom nant snail is Carinifex newberryi (Lea), which was

reported as present in Uah Lake in 1884, along with other forns or
species of Calinifex present in several waters in the West. The

clam a 'fingernail clam" Sphaeri um nornoni cum Sowerby, is also a

stream speci es and has been reported near Wellsville, Ut ah.

The nol | uscs probably were at peak abundance about 10,000 years
ago during the high water stage of the | ake when there were | arge
areas of shallow water. |If Bear Lake foll owed the course of other
| akes in the region, including Lakes Bonneville and Lahontan, it
probably reached a |l evel nuch |lower than the present stage during a
dry period about 5,000 years ago (Antevis/1948). Many | akes dried
up conpletely at that time. Probably the disappearance of shall ow
wat er conbined to wi pe out the nollusc popul ati on. Evidence from
t he conposition of the present fish population indicates that the

| ake did not dry up conpletely.

Wat er Tenperat ures

Maxi mum surface tenperatures rarely exceeded 70°F. during the
period of study. A surface tenperature of 73°F., recorded July 30,
1952, was the highest observed. In 1953 and 1954, the naxi mum
surface tenperature was 71°F., and in 1955, 69.4°F. In each year of

the study, a thernocline forned in |late June and persisted into

Novenber (Figs.4 and 5).
The even contours of the basin and the frequent and sonetines

violent wind storns cause extensive mxing action. This kept the
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epilimion well m xed and practically isothernous. The border
between the epilimion and the thernocline was well defined. The

t her nocl i ne, however, was very thick and its | ower boundary was not
definite (Fig.6 ). Considerable mxing within the thernocline is

evi denced by the uneven isothernms (Figs.4 and 5 ). Replicate tenper-
ature profiles at the sane |ocation and profiles at different |oca-
tions on the sanme day al ways gave very closely reproducible results.
From week to week, however, the depth tenperature relationships
changed.

Bear Lake has had a conplete ice cover in 26 of the last 33
winters. It has frozen over once in Decenber, 13 tines in January,
11 tinmes in February, and once in March. The breakup has conme tw ce
in February, once in March, 22 tinmes in April, and once in May. There
was no ice cover in the winters of 1952-53 and 1953-54, the only
time on record when the |ake failed to freeze over for two consecutive
winters. In both these wnters, the | ake was cool ed well bel ow t he
poi nt of maxi mum density for pure water (39.2°F.). In early March of
1953 and | ate February of 1954, the | ake was i sothernmous at 35.5°F
The maxi mum tenperature fluctuation of the water bel ow 150 feet during
the 3 years was from 35.5°F. to 42°F
Turbidity

Turbidities in the open water ranged from1l to 5 ppmsilicon
di oxi de equi val ents; the highest turbidities occurred during the
spring and fall overturns. Turbidity was high near shore during
and after storns, and at the north end when water was flowng in

from Mud Lake.
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Secchi disc readings taken in 1952 indicate the greatest visibi-
lity was 15 feet. Kemmerer et al (1922) report 32.8 feet; Hazzard
(1935) gives a range of 11-19 feet for a 10-day period in Septenber;

Perry (1943) lists a range of 10-30 feet over the years 1939-1941.

Kemmerer's one reading is tenuous evidence for basing conparison,
but it seems probable that turbidities have increased sonmewhat since
his visit. Increase in turbidity is presumably due to wave action on
shores of finely divided material at |ower |ake |levels, and the effect
of inflowing very turbid water from Mud Lake.

Wat er Chem stry

Previ ous | nvestigations

Kenmerer et al (1923) include conmplete chemi cal analysis for
five | akes of the many they studied in the western United States:
Bear Lake in Utah and |Idaho, and Priest Lake, Lake Pend Oreille and
Hayden Lake in |daho, and Lake Chelan in Washi ngton. Bear Lake
conmpares very favorably with the other lakes in this group in anmunt
of nutrients and essential elenments present. The Bear Lake sanple

was taken in 1912, before diversion of Bear River water into the
| ake. Kemmerer et al have the following to say about the analysis:

The nost interesting analysis in this set is that
of Bear Lake. In the first place it contains a nuch
| arger amount of dissolved solids than any other | ake
(1, 060.33 ppm. The magnesi um content of the water
is very unusual, it being many tinmes greater than
the calciumcontent. The fact that it contains a
fairly large quantity of zinc is also of interest.

And i n anot her section:

The presence of 0.65 parts per mllion of zinc is
al so interesting. V.hen this is conpared to the small
amount of copper necessary to stop growth of algae, it
seens that this quantity of zinc would have a simlar
effect. Since the |low tenperature and short sunmmer
season woul d also retard the growth of algae, no
definite conclusions can be drawn.
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From these statenments a generally held opinion devel oped that Bear
Lake was not productive because of excessive anmobunts of zinc in the
wat er .

During the investigations in the early 1940's, several zinc
anal yses were made (Tabl e ); these included sanples of water from
Swan Creek and Mud Lake as well as from Bear Lake. Two of the three
Bear Lake anal yses showed zinc val ues just over half that reported
by Kemrerer. The third analysis was al nost identical with Kemmerer's
for the | ake value, but was at variance with the other two on the
anmounts in Swan Creek and Mud Lake.

Current Investigation

Zinc anal yses were included in the current study in
t he hope that the zinc question could be answered. This attenpt was
only partially successful. Several additional questions were
rai sed that appear to be unanswerable on the basis of the evidence
at hand.

Anal yses were nmade by M. Janmes P. Thorne, of the U S. Depart-

ment of Agriculture, Soils Laboratory on the U S. A C. canpus. In

all, 35 determ nations were made on 3 separate collections of water

fromBear Lake and its tributaries, The | argest anount

of zinc found was 0.076 ppmin a sanple of water flow ng into Bear

Lake from Mud Lake. The highest figure for |ake water was 0.036 ppm
the | owest, 0.005 ppm the average of 14 determ nations for Bear Lake
was 0.020 ppm zinc. Logan R ver water, a stream of high productivity,

cont ai ned 0.009 and Logan tap water, of spring source, 0.013 ppm

zinc by conparison. M. Thorne does not consider the results to be

adequate fromthe anal yst's point of view because of the | ack of
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TABLE Results of anal yses for zinc of water supplies from
Bear Lake, Mud Lake, and Swan Creek
Dat e
Aut hority Col | ected Locati on and ppm zi nc
Bear Lake Swan Creek Mud Lake

Kemer er,
et al (1923) Aug. 8, 1912 0. 65 - -
Der by Laws*
(Chem st at

USAC) May 10,. 1941 0. 36 0.42 0. 80
State of*
U ah, Divi-
si on of
Chemi stry Dec. 16, 1941 0.35 0.18 -
Ut ah Power *
and Li ght
Conpany May 1, 1943 0. 64 0. 80 0.48
U S.D A
Soi | s Lab. Jan - June 005 - .038 .005 - .034 s001 - 0.76
at US AC* 1956 (14 anal yses) (9 analyses) (5 analyses)
U S DA Soils*
Lab. at Ithaca,
New Yor k June 6, 1956 . 0050 . 0057 ----

* LTPublished reports on file at Department of WIdlife Managenent,

S.AC,

Logan,

Ut ah



reproduci bility. However, even acceptance of the maxi num val ues
woul d still seemto renove zinc as a limting factor.

As to the reason for the great difference in results fromthe
ot her anal yses, there can be only specul ati on. Reduction of the zinc
content of Bear Lake can be explained by the dilution with Bear R ver
wat er. Changes of the magnitude indicated in the zinc content of the
fl owm ng streans does not seem probabl e.

A condition which may have sone limting effect on plant produc-
tion is the presence of much nore magnesi umthan calcium (Table )
Meyer and Anderson (1952) state that excess anounts of magnesi um nmay
be toxic in solution cultures unless offset by sufficient amounts of
calcium This relationship has not been investigated in Bear Lake.

The dilution of Bear Lake by the Bear River can be traced in
the chem cal anal yses. Kemmerer et al (1923) report nethyl orange
al kalinity equivalent to 586 ppm Hazzard (1935) reports 430-479
ppm Perry (1943) gives a range of 375-400 ppm for the present
study (1952-1955) the range was 294-313 ppm Methyl orange al kal i n-
ities of the incomng streans are: Bear River 192; Swan Creek 181,
and St. Charles Creek 195 ppm
Di ssol ved Oxygen

Al'l investigations have reported abundant oxygen at all depths.
Kenmerer et al remark that Bear Lake has nore oxygen in the |ower
waters than at the surface, in August. Perry (1943) states that
di ssol ved oxygen was abundant at all depths, rarely going below 5 ppm
A value of 5.9 ppmat 210 feet in Septenber 1952 was the | owest

obt ai ned during the present study.



TABLE : Chenical anal yses of water fromBesar Lake UWah and fron
two tributary streans. All figures in parts per mllion

Dat e Locati on Ca M Na K d so, CO HoO, NG NH PO phenol - Methyl

and phtha- Orange

Sour ce | ein Al ka-
Al ka- linity
linity

Kemmer er

et al Bear Lake 4.1 152.0 66.3 10.5 78.5 96. 8 78.45 566.0 0.2 --- 0.06 ----- 586*

(1923)

Hazzard --- 25-37.5 430-479

(1935) Bear Lake

Perry

(1943) Bear | ake --- ---  15-25 375- 400

Pr oj ect

Per sonnel Bear | ake 27-29 294- 313

1952-55

Soi |l s Lab** Bear | ake

1952 surface water
range of 3 17 78-87 23-47 6-11 53-37 71-78 13-18 352- --- --- ---
anal yses 381

Soils Lab Inflow from

1952 Mud Lake 27 95 54 12 58 75 0 467 ---  ---

Soils Lab

1952 Swan Cr eek 47 13 4 2 --- --- --- --- 1.8 0.48 0.09 --- ---

* Converted fromdata of Kemerer et al (1923 by Perry, 1943)
** U S.D.A Soils Lab on U S. A C Canpus
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pH
During the present study, pH values ranged from8.4 to 8.6.
Perry (1943) reports 8.4 to 8,7 and Hazzard (1935) 8.0 to 8.5.
Bi ol ogy
Root ed Aquatic Plants
Emergent aquatics are scarce. A few patches of cattail (Typha sp.)
grow al ong the northwest shore between Fish Haven and St. Charl es
Creek; sone bulrush (Scirpus sp.) also appear in the sane area.
Bul rush is fairly common al ong the west shore from Fi sh Haven to
Swan Creek, and isol ated patches appear along the shore alnobst to
the south end. The north and south shores are bare of energents,
and only a patch or two are on the entire east shore. Several old
timers report that before fluctuation of the water |evel the cattai
and bul rush extended along the north shore. Kemmerer et al (1923)
report fromtheir 1912 observation: "Little vegetation exists al ong
the shores except at the north and northeast ends of the |ake."

The maj or subnerged aquatic is a short thin-|eafed Potanpbgeton sg.

Beds occur along the west shore fromSt. Charles Creek to Garden City,

and occasi onal beds are present along the rest of the west shore; a

few grow al ong the east shore. Fragnents of Potanbgeton appear in

abundance after every storm floating on the surface and thrown up
on the beach. I|sol ated shoots of coontail (Ceratoahyllum denmersun

are present along nmuch of the shore, but this plant is nowhere

abundant. A dense bed of Ranunculus is present in a sheltered cove

at the mouth of Swan Creek. This is the only |uxuriant growth of
subnerged aquatics in the lake. Al the plants present in Bear Lake,

and several others including Myrionhyllum Utricularia and Pol ygonum
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are common to abundant in Mud Lake (Reeves, 1954). The contrast
between the two areas is striking (Fig. ).

Bot t om Or gani sns

Research on the bottom organisns and their utilization as food
is continuing. Only a general summary of this subject is presented
her e.

The bottom organi sns vary in both quantity and conposition
according to the bottomtype. Rocky areas under water have Ganmarus,
aquatic mtes, sone mdge |arvae, and crayfish. In the fall of 1952,
the water |evel was high, and these organisns were locally quite
abundant in the rocky areas. \Wen the | ake | evel |owered, the anmount
of rocky area under water decreased drastically. The bottom organi sns
were considerably | ess nunerous in those rock areas that renmi ned
under water. These remaining rocks were usually half buried in
sand and covered with precipitated marl. Probably wave action woul d
reconstitute the cover in these areas if the | ake remai ned at one
| evel 1ong enough.

The organisns in sandy areas include a few mtes and diptera

| arvae. |solated Myriophyllumfronds or small clunps of Potanogeton

are present in sone sandy areas. Wiere these plants could be
exam ned by wadi ng, they were found to hold abundant m dge | arvae
and some Gammarus and mtes. Mayfly nunphs were al so present in
clunps of subnerged aquatics al ong the northwest shore.

Cattail and bul rush stands provided relatively little cover for
bott om organi sms. Sonme dragonfly, danmselfly and mayfly nynphs were
on stal ks and around roots. As the water deepens and the sand grades

into a sand-silt-marl m xture, the nunber of m dge | arvae increases
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to a maxi mum density of about 500 per square yard. Aquatic

A igochaeta are present in this bottomtype, up to 400 per square

yard. A small ostracod is also present, found apparently on or
j ust above the surface. The ostracods are difficult to sanple
but they appear to be extrenely nunerous.

In the deeper water, bel ow about 75 feet, where the bottomis
fine silt marl, the mdge |arvae are not present, and the ostracods
are nmuch | ess abundant. The oligochaetes are considerably nore
numer ous here, and nunber up to 3,000 per square yard.

Pl ankt on

A conprehensi ve study of the plankton was beyond the scope of
the present investigation. The zoopl ankton were sanpled on a random
non- schedul ed basis and sonme general information is available. A
study of methods of sanpling the phytopl ankton of the | ake was
carried on in conjunction with the present study. Mst of these
sanpling data will be published el sewhere. Limted information about
t he phytopl ankt on popul ation is presented here.

Phyt opl ankt on. On August 8, 1912, Kemmerer et al (1923) nmade a series

of vertical hauls at various depths with a closing plankton net of
no. 20 silk. They report zooplankton in all hauls, but report
phyt opl ankton in only one, that from5 to 10 neters. In this

stratumthey report 7,850 cells of the blue-green al gae Coel osphaeri um

per cubic neter, 7,850 cells of the diatom Fraoilaria per cubic neter
and 15,600 cells per cubic neter of the dinoflagellate Ceratium
which they |list as a protozoan.

Hazzard (1935) made a series of plankton net hauls during his

short survey of the | ake Septenber 20 to 30, 1933. He al so notes
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that some quantitative work was done by centrifuge but he gives no
description of the nethod. Hazzard lists several genera not reported
by Kemmerer et al but does not nention two genera |listed
by Kemrerer, nanely, Ceraticumand Coel osphaerium

The Foerst Electric Plankton Centrifuge and nenbrane filter
were the nore inportant separation nmethods used in the present
i nvestigation of phytoplankton. Exam nation of the concentrate
under | ow power (about 100x) reveal ed only an occasional very snall
di atom Under hi gh power (about 400x) numerous very small phyto-
pl ankton cells were found. The nore abundant genera were

Anki st rodesnus, QOocystus, Lyngbya, Lagerheim a, D nobryon and

D ctyosphaerium D atons were not nunerous; they never exceeded

5 percent by nunber of the total cells. Al of the cells were very
small (from2 to about 50 u in their |argest dinension); only an
occasional diatomwas |arger than 50 u. A no. 20 silk net could
not be expected to retain cells of such small size, and exam nation
of several net sanples reveal ed none of these snmaller cells.

O the phytoplankton forns reported (by Kemrerer and Hazzard)
fromnet sanples, only one, Ceratium was found in a net sanple
during the present study, and this appeared only once.

During the present phytopl ankton study, water sanples of 3 and
6 liters were used. Kemmerer's data are equivalent to 8 cells per

l[iter for Coel osphaeriumand Fragilaria and 16 cells per liter for

Ceratium Hazzard reports quantitative data only for Staurastrum

1 to 13 cells per liter. Counting nmethods in the present study
i nvol ved exam nation wth a haemacytoneter of only a small fraction

of the concentrate fromthe water sanples. Organi sns present at
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the densities reported above woul d have a very snmall probability of
bei ng seen consistently. It mght be expected that they would be
seen at | east once during exam nation of nore than 30 sanples in
a 2-year period if they were actually present at the densities
reported. O the forns other than diatons reported by Kemmerer and

Hazzard only Mcrocystis was seen in the phytopl ankton sanpl es.

In the present study, the diatons were not identified, but
because of their relatively mnor inportance quantitatively they
were treated as a single group. It was obvious, however, that
several species were present.

The genera (other than diatons) reported by the previous
I nvestigators are quite distinctive and could not be confused with
the fornms found in the present study. The evidence is not concl u-
sive, but it seens to indicate sonme changes in the species conposi-
tion of the larger forns during the devel opnent of the |ake as a
reservoir, wth the subsequent changes in chem cal conposition of
the water. Since the earlier investigations did not sanple the

nannopl ankton fornms, no simlar conparisons can be drawn for them

These smal |l cells are present in trenmendous nunbers. Anki strodesnus

fal catus the nost abundant species, exceeded 2 mllion cells per

liter in several sanples. The greatest total nunber of cells found
was just under 4.5 mllion per liter.

Nunbers are, of course, only a very rough index of productivity.
The individual cells have very small volunes, in the range from
12 to 250 u®.

On a volune basis, the denser sanples ranged fromO0.4 to 1.1 X

10° u® per liter. Verduin (1951) reports maxi mum val ues of 16 x10°°



-28-
per liter for Lake Erie in 1949, and 6 * 10%3 per liter in 1950.

Phyt opl ankt on productivity per unit volunme is |ow in Bear Lake,
but not as | ow as previous investigations have indicated. The
total productive volune is |large. The epilimion extends to nore
than 50 feet by late sunmer, and sanples indicate good production
t hroughout this zone; sonme live cells are found as deep as 100 feet.
Some production continues under ice cover. Sanples taken through
12 inches of ice with a 6-inch snow cover gave 0.05 to 0.2 x 10%3

per liter.

Zoopl ankt on.

Kenmerer, 11 11.(1928), who sanpled by vertical hauls with a

closing net, report two copepods: Epischura, taken at all depths

sanpl ed, and Cant hocanptus taken in only one 50- to 55-neter sanple.

The rotifer, Polyarthra, they report from2 sanples, 5 to 10 and

10 to 15 neters. These were the only zoopl ankton fornms they found.

Hazzard (1935) reports only one copepod, Epischura, and five

rotifer species: Conochilus, the nbost abundant; Pol yarthra, second;

Anur ae, Triathra, and Not hal aca, occasional; and one cl adocer an,

Daphni a.

Perry, (1943) and Stillman Wight, who was stationed in Logan
as a biologist wwith the Fish and Wldlife Service, did considerable
pl ankt on sanpling in conjunction with Perry's study of the Bonneville

cisco of Bear Lake. Their sanpling was done with a 10-liter plankton
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trap, a nethod considerably nore accurate quantitatively than any
type of un-netered net tow, however, there nay be an avoi dance reac-
tion by sone zoopl ankton forns.

Perry mentions 12 zoopl ankt on genera: 3 copepods, Canthocanpt us,

Cvcl ops, Epischura; 3 rotifers, Conochilus, PQyarthra, Anurea; and

6 cl adocerans, Al ona, Bosm na, Chydorus, Daphnia, Ceriodaphnia, and

Moi na. He gives data on vertical distribution for the genera

Pol yart hra, Conochil us, Epischura and Anuraea, on nine dates from

June t hrough Novenber 1940 (Fig. 7). Additional data on the
seasonal change in abundance of two of the nore inportant species,

Epi schura and Conochilus, are presented by permnission of Dr. Wight

from unpubl i shed material assenbled during their investigation
1939-41 (Fig. 8 ).

Epi schura and Conochilus were the dom nant forns in collections
made during the present study. The coll ections do not warrant
detailed quantitative treatnent. Duplicate net hauls nmade at the
sanme tinme and | ocation varied as much as 200 percent. Maxi num
densities found in a vertical net haul were 11,5 Conochil us col oni es
per liter and 4 Epischura per liter. The maximum figures reported
by Wight (Fig. 8) are somewhat higher for Epischura and | ower for

Conochilus, but they are not drastically different for either form

No cl adocerans were taken in plankton net hauls during the
present study, but they were found several tinmes in the stomach

contents of ciscoes taken in gill nets. It seens nost reasonable

to assume the presence of cladocerans in the zoopl ankton sanpl es of
Perry were due to the greater efficiency of the plankton trap rather

than to a popul ati on change. Al other sanpling reported has been
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with plankton nets, and a single occurrence of Daphnia reported by
Hazzard (1935) is the only cladoceran reported.

Conochi | us has been an inportant plankter in practically every

coll ection reported by Hazzard (1935), Perry (1943), Wight and the
present study. The colonies forned by this rotifer are |arger and
di stinctive; they could hardly be overl ooked or m s-classified.
Kemmerer, et al (1923), nade their collections at a tine of year when

Conochi l us was found to be abundant by all subsequent studies. Since

Kenmerer's plankton data were coll ected during a single day, they
do not give a substantial basis for conparison. A series of hauls
was nmade at several depths, however, and it seens highly inprobable

t hat Conochilus coul d have been m ssed if they had been present in

any appreci abl e nunbers. Here again is at |east suggestive evidence
of a change in plankton conposition associated with the conversion
of Bear Lake into a reservoir.

The pl ankt on production of Bear Lake is |ow indeed when conpared
to that of very productive bodies of water such as Henry's Lake
and |sland Park Reservoir in Idaho; and Strawberry Reservoir, Fish
Lake and Panguitch Lake in Utah. Phytopl ankton production in these
waters is often of sufficient volunme to color the water green.

Where the zoopl ankton volune froma 50 foot haul in Bear Lake woul d
be nmeasured in tenths of a cc. an equivalent haul in one of these
waters mght be ten to a hundred tines this vol une.

These nore fertile waters are w thout exception nmuch snaller and
shal | ower than Bear Lake. None of the larger |akes can conpare in
productivity per unit volunme with the ones nentioned above. Wen
conpared to other |arge deep | akes the zoopl ankton production of Bear

Lake is I ow, but not drastically so. Stross (1953) gives data for
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t he nost abundant zoopl ankter in Lake Pend Oeille, Idaho, Cycl ops,
which are equivalent to a maxi numdensity of 16 organi sns per liter
for a 100 feet vertical haul conpared to 4 organisns per liter in
Bear Lake for Epischura. Carl (1952) lists a maxi num copepod
density of 5.14 per liter for Com chan Lake, British Col unbia.

What ever nunerical bounds may be set on the terns "productive"
or "unproductive" it nust be renmenbered that the plankton popul ation
of Bear Lake is sufficient to support a very |arge popul ation of an

al nost excl usively zoopl ankt on feeding fish, the Bonneville cisco.



TABLE: Check list of fish in Bear Lake*

Common Nane

Native fish present in Bear Lake:

Cutthroat trout (native)
Bonneville cisco (peaknose)
Rocky Mountain whitefish
Bonnevill e whitefish

Bear Lake whitefish

Ut ah sucker

Smal | fin redside shiner

Ut ah chub

Carrington’s Dace

Scul pin

Native fish presunably extinct:

Ut ah cutthroat trout

I ntroduced fish present in Bear

Scientific Nane

Sal mo cl arki ** Ri chardson

Cor egonus genmi fer Snyder

Coregonus williansoni Grard

Cor egonus spil onotus Snyder

Cor egonus abyssi col a Snyder

Cat ost onus ardens Jordan & G| bert

Ri chardsoni us bal t eat us hydr ophl ox

Cope
Gla attraria attraria Grard

Rhi ni cht hys oscul us carringtonii

Cope

Cottus speci es (undescri bed)

Sal mo cl arki utah Suckl ey

Kokanee

Yel | owst one cutt hr oat
Rai nbow t rout

Brown trout

Lake trout (rmacki naw)
Yel | ow perch

G een sunfish

Oncor hynchus nerka kennerlyi Suckl ey

Salmb clarki lewisi*** Grard

Sal mo gairdneri irideus G bbons

Salmo trutta fario Linnaeus

Sal vel i nus namaycush Wl baum

Perca fl avascens M tchell

Leponi s cyanel | us Rafinesque
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Fi sh i ntroduced or reportedly introduced
but not recorded during present investigation:

Chum sal non Oncor hychus keta, Wal baum

Si | ver sal non Oncor hynchus ki sutch WAl baum

Landl ocked sal non Sal no sal ar sebago Grard

Eastern brook trout Sal velinus, fontinalis fontinalis***
Mtchill *

Lar genmout h bass M cropt erus sal noi des Lacepede

* Stocking information furnished by U S. Fish and Wldlife
Service, Uah Fish and Gane Departnent, and |daho Fish and
Gane Depart nent.

** Subspecies not distinguished in field studies

*** Planted and possibly present but not recognized to subspecies

**** Present in tributaries



FI SHERY POPULATI ONS
Speci es of Fish Present and Their Rel ati ve Abundance

The two nost nunerous fish in Bear Lake are the Bonneville
ci sco and an undescribed sculpin. GIll nets do not sanple either of
these two fish effectively because only the |argest of the Bonneville
cisco are subject to capture, and the sculpin is a sedentary species.
Cisco were taken at a relatively lowrate in gill nets set on the
bottom but nets set anywhere fromjust off the bottomto near the
surface caught Bonneville cisco in nunbers that equal ed or exceeded
t hose of any other fish at any depth (Perry, 1943). Perry al so
denonstrated that Bonneville cisco are independent of the bottom
They seek depths where tenperature and pl ankton concentrations are
nost acceptable. Aen information fromall sources is considered,
it appears that Bonneville cisco are nore abundant than any ot her
fish in Bear Lake, with the possible exception of the scul pin.

Scul pin were caught on the bottomin gill nets. They were al so
extrenely abundant in collections nade by poi soning shore areas, and
in electro-fishing collections nade in shallow water in April.

Al t hough scul pin are too snall to be taken in the 3/4-inch nesh

of experimental gill nets, they were the nost commonly caught fish
in the 3/8-inch nesh gill nets. (Fig. )
The md-water gill net sets made during this study took only

si x Bonneville cisco, one U ah sucker and one rainbow trout. The

fact that m d-water sets took only one sucker and no Bonneville or
Bear Lake whitefish is accepted as evidence that these two fish and
the Uah sucker are al nost exclusively bottomdwellers in Bear Lake.

The low cisco catch was probably due to the fact that ciscoes are
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w dely dispersed in the spring and |ate winter when this netting
was done. This theory is partially verified by the fact that nets
set at the sane depth and tenperature as md-water sets, but on the
bott om caught consi derabl e nunbers of the two whitefish and Utah
suckers. The Utah suckers, although nunerically |ess abundant than
Bonnevill e cisco and scul pin, contribute nore to the total pounds of
fish in the | ake than the conbi ned wei ght of the other two fish.
The Bear Lake and Bonneville whitefish in aggregate are slightly
fewer in nunber than the sucker, but fromthe standpoint of total
pounds in the | ake they are considerably |l ess inportant than the
sucker. It is believed that the Bear Lake whitefish is the nore
abundant of the two whitefishes.

The Utah chub ranks fifth on a scale of relative abundance
but probably represents | ess than 4 percent of the total nunber of
fish. The carp is judged to be sixth in relative abundance. To the
shore observer, the carp appears considerably nore inportant than it
actually is because of its habit of concentrating at or near the
surface in very shallow water. On warm days, carp may, however, be
found at the surface as far as a mle or nore from shore.

The | ow catch of |ake trout, cutthroat trout, and rai nbow trout
in net sets and in other types of collections nakes it difficult to
draw concl usi ons about their distribution and abundance, but it
appears that all these fish stay close to the bottomand that the
total population of all trout, by nunber, is not nore than 3 percent
of the fish popul ation.

Gll nets set close to shore caught rainbow trout; and nost

of the rainbow trout taken by hook and Iine were caught by shore
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fi shermen. These two circunstances make it appear that rai nbow
trout are not as scarce as the deep water gill net sets indicate.
In years when rai nbow trout are heavily stocked, their nunbers
m ght exceed those of the total of the two other trouts. This,
however, is felt to be a tenporary condition

The yel |l ow perch, green sunfish, kokanee, Carrington's dace, and
smal | fin redsi de shiner are present, but in extrenely small nunbers.

The total population of fish in Bear Lake in 1952-53 was
considerably greater than it was in 1938-42 if conparative rates
of capture in simlar nets is a reliable indicator. The rates
experienced in the earlier study and the nore recent one were 0. 706
and 1.843 fish per hundred-foot, gill net hour, respectively. Tests
of significance yield a 't value of 4.35 for the difference in the
mean rates of capture. This exceeds the tabular value of 2.04 and
i ndi cates significance at the 95 percent confidence level. In short,
we cannot doubt that the difference is real. (Fig.10)

The greater length of the nets and the | onger inmmersion periods
of the net sets in the earlier study nay have caused a | ower rate of
capture per unit of effort. Exam nation of the data yields no
evidence to confirmthis suspicion. Because of the snmall nunber of
gill net sets in very shallow water during the earlier study, it is
suspected that the carp habitat was under-sanpl ed. The habitat of
all other species was sanpled at least as well in 1938-42 as it was
in 1952-53. If we postulate a |lower efficiency of the nets used for
sanpling in 1938-42 (although there is no evidence in this study
to suggest it), we would have to assune an efficiency of only

55 percent of that experienced in the recent study, before the
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difference in nean rates of capture would no | onger be significant.
All fish represented in both studies shared the recent increase in
density; if it is as we believe a real difference. It should be
acknow edged that other workers have considered linen gill nets
| ess efficient than nylon gill nets. Cursory gill net sanpling by
Hazzard in 1933 also yielded a |ower estimate of fish nunbers than
t he nost recent collections.

Preference Distribution of Fish by Depth and Bottom Zone

The sumrer distribution of a species is discussed separately
fromthat of the rest of the year. The word summer is used to
desi gnate the period when surface tenperature of the water exceeds
60°F. In both 1952 and 1953, the water was at |least this warm from
m d-June to m d-Cctober. (Table ) (Figs. 11 and 12)

Rai nbow trout were taken only in gill nets and seines that were
used in water less than 10 feet deep. Shore fishernmen caught al nost
all rainbow trout appearing in creels.

G Il net sets indicate cutthroat trout are nost abundant between
shore and the 75-foot contour throughout the year. They were taken
only in nets set near the bottom However, an inshore novenent of
cutthroat trout occurs in spring, and a m nor but definite novenent
of fshore appears again in the fall. Degree of novenent appears
constant at all seasons.

The | ake trout exhibit nmuch greater activity in the warnmer
nmonths than in winter. The 25- to 75-foot zone is their chosen
habitat in the sunmer and early fall; they nove out to deeper water
in wnter. One set, made during the sumrer of 1953, in 193 feet of

water, took three lake trout. This exception to the general



TABLE Fi sh captured per 100-ft. net hour in experinental gill net bottom sets
dring 1952 and 1953

Season W nt er Sumrer W nt er Sunmmer W nt er W nt er Sunmmer W nt er Summer
Depth of Set 0- 257 25- 50" Summer 75-100" 100- 200"

50- 757
100-ft. gill
Net hours 180 320 99 61 126 89 210 351 280 189
Cutthroat trout 0. 04 0. 006 0.01 0. 05 0.01 0.03 0.01 0. 006 ---- 0. 005
Lake trout ---- ---- ---- 0.03 ---- 0. 06 0. 005 0.01 0. 004 0. 005
Bonnevill e 0.01 ---- 0.01 0.02 0. 09 0.02 0.03 0.10 0.13 0.14
ci sco

Bonnevill e

whi t ef i sh) 0. 05 0.02 0. 06 0.75 0.10 0. 86 0. 27 0.22 0.31 0. 46
Bear Lake

whitefish )

Ut ah suckers 0. 26 0. 45 0.53 1.44 0. 20 0. 99 0. 39 0.14 0.11 0.13
Carp 0. 06 0. 36 0.01 .- .- --- ---- ---- ---- ----
Ut ah chub 0.17 0.81 0. 65 0. 20 .- --- 0.04 ---- ---- ----

Yel | ow per ch 0.01  0.09
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distribution pattern was correlated with an unusual concentration
of Bonneville whitefish for that depth.

The pattern of activity and distribution for the two whitefish
is very simlar to that of the |ake trout. It appears reasonabl e
that the whitefish population is pursued by the |ake trout. Since the
Bear Lake whitefish has sel dom been identified in collections taken at
depths of less than 75 feet, it appears that the whitefish comonly
associated with lake trout in sunrer nust be the Bonneville whitefish.
Nei t her of these two whitefish was taken in md-water gill net sets.

The Bonneville cisco is nore abundant in md-water than near the
bottom This is apparently a reaction to tenperature rather than to
depth. Only a small portion of the cisco population is susceptible
to capture on the bottom (Perry, 1943). A greater nunber of cisco
appears in bottomnet sets as the depth of the water increases. No
consistent difference in activity was detected between cisco collected
in sumrer and those collected at other tinmes of the year in bottomset
gill nets. The one exception to this |last statenent occurs during the
spawni ng season, in |late Decenber and January. Generally, we did not
collect fish during their spawni ng peri ods.

The carp and yell ow perch exhibit identical novenents and depth
preferences. Neither fish wanders out deeper than the 50-foot contour,
and both display a greater degree of novenent in summer than in the
remai ni ng seasons. Both speci es achieve highest densities in very
shal | ow wat er, but carp occasionally travel a mle or nore from
shore, usually just bel ow the surface.

Ut ah chub were captured nost frequently in sumer at depths of

| ess than 25 feet. They nove offshore to the 25- to 50-foot zone
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in the colder nonths. Activity appears little changed by seasonal
tenperature fluctuations.

The U ah sucker is rmuch nore active in sunmer than in fall,

Wi nter, or spring. The area between the 25- end 75-foot contour
contains the greatest population density during all seasons; however,
nets set at all depths and seasons were seldomlifted that did not
contain at | east one sucker. This fish is strictly a bottom dwell er;
only one was captured in a md-water set.

The nost significant feature of the depth distribution data is
the fact that there is a coincidence in season of greatest sunmer
activity and zone of greatest abundance (25-75 feet) for the white-
fishes, lake trout, and cutthroat trout. The creel census indicates
sumer as the poorest tinme to fish in Rear Lake, but yet the nost
sought after species were netted nost frequently at this tine
(spawni ng seasons excepted). Although the 25- to 75-foot depth zone
is inhabited by the nost desired species in sunmer, it is too far
out for shore fishermen. The | ow rate of success anong sumer boat
fishermen is difficult to explain but may be due to inability to
| ocate the zone of greatest fish density.

Carrington's dace were present in |limted nunbers in all shall ow,
rubbl e bottom areas. Small Utah suckers appeared occasionally in
shal | ow areas but were nbst abundant near creek nouths and in the
vicinity of bulrush beds. Small scul pin al so were present near
bul rush beds and rocky areas. Fingerlings of trout and whitefish
were rare in all areas poisoned or seined. Small Utah chub, smallfin
redsi de shiners, green sunfish, and small carp were comopn to abundant

in the |ower portions and at the nouths of the two nuddy, sluggish
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streans at the south end of Bear Lake during this study, but were
rare el sewhere. Small yell ow perch and dace were occasional ly taken
where these streans enter the | ake.

In Swan Creek, legal-size (7 inches total |length) of cutthroat
trout and rainbow trout were commonly taken with the aid of an
el ectric shocking machi ne. Sub-I| egal -size rai nbow and cutt hroat
trout were abundant in this stream Except during the spring nonths
when adult suckers were quite abundant, there were no other fish in
Swan Creek. In lower St. Charles Creek, sub-legals of rainbow and
cutthroat trout were comon. Stocked | egal -size rainbow trout were
al so common, but |egal-size cutthroat trout were rare. Carp and
suckers were abundant. Upper St. Charles Creek contai ned occasi onal
brook and cutthroat trout and an abundance of scul pin.

Spring Creek apparently has a spawning run of cutthroat trout
during high water years, but a check during the irrigation season
of 1953 revealed a flowof only 1 c.f.s. and a popul ation of only
non-gane fish

Fallula Spring is intermttent but at tinmes contains a | arge
popul ati on of non-ganme fish. Trout were rare or absent when the
stream was sanpl ed.

South Eden Creek is intermttent and highly turbid in the periods
when it does flow Sanpling by el ectro-shocking produced no fish.

North Eden Creek is permanent, and its upper part is free of
high turbidities. It is maintained as a private fishery and is not
open to the public. An excellent popul ation of eastern brook, rain-
bow, and cutthroat trout is maintained by stocking. However, cutthroat
trout can escape to Bear Lake fromthis private fishery. There is

no evi dence of a spawning run from Bear Lake.
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The nunber of tributary streans avail able for spawni ng rai nbow
and cutthroat trout is negligible for a | ake the size of Bear Lake.
St. Charles and Swan Creeks are margi nal for spawning and subsequent
grow h of the fry because of their small productive area, but other
conditions are satisfactory. These two streanms supply a total of
about 20 acres of potential spawning ground; and even this area is
severely reduced by irrigation diversions in July and August.

Life H story Data
Cutt hroat Trout

The Utah cutthroat trout is the only trout native to Bear Lake.
Early introductions included Yell owstone cutthroat trout, probably
ot her subspecies of cutthroat trout, and rainbow trout. Two circum
stances - the stocking of m xed species of Salnpo and the fact that
al | species of spring-spawning Sal no apparently hybridize freely
in Bear Lake - have produced today's Bear Lake cutthroat trout. This
fish really is a mxture of several subspecies of cutthroat and
rai nbow trout. Relatively few of the Bear Lake trout were judged to
be pure cutthroat. The dom nant cutthroat trout type is the hybrid
descri bed above; however, regardless of its m xed ancestry, the
cutthroat ecologically is very different fromthe stocked rai nbow
trout and the other wild fish identified in this study as a rai nbow
trout. The cutthroat grows faster and to a nuch greater size than
t he rai nbow trout in Bear Lake.

Many of the wild Salnpo sent to Dr. Robert R Filler, Associate
Curator of Fishes, University of M chigan, Miseum of Zool ogy, were
tentatively identified as rainbow x cutthroat trout hybrids. At one

time during the study, an attenpt was nmade to determ ne the degree of
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hybri di zati on between cutthroat trout and rai nbow trout. However,
this attenpt was abandoned as being inpractical, if not inpossible,
and all fish that had been | abel ed as either cutthroat trout or
cutthroat x rainbow trout are designated in this study as cutthroat
trout. Ecologically, this designation is justified, and it is
bel i eved nost of the fish that appear to be cutthroat x rai nbow
trout hybrids are taxonomcally closer to cutthroat than to rai nbow
trout.

The status of cutthroat trout in Logan River is not greatly
different fromthat of the cutthroat in Bear Lake. In Logan Ri ver,
the Utah cutthroat trout has been replaced by a m xture nuch |ike
that in Bear Lake; and in spite of hybridization and the frequent
pl anting of rainbow trout in the upper waters of the Logan River, the
cutthroat trout still persists and dom nates that area. It is
believed that in the upper Logan River and in Bear Lake the cutthroat
trout would, if left alone, dom nate the rai nbow trout.

Gowmh rate of cutthroat trout in Bear Lake is considered excel -
l ent (Table ). Most cutthroat trout exam ned were in good condi -
tion. The Iimting factors appear to be |lack of suitable habitat,

i nsufficient food for young fish, and i nadequate spawni ng grounds.

Cutthroat trout |less than 10 inches long are rare in the creel,
inthe gill nets, and in collections fromseining, shocking, and
poi soni ng operations. The few that attain the I ength of 10 inches
are then able to subsist primarily on other fish and presunably have
no problemfinding an adequate food supply. Stocking of approximtely
4.6 mllion cutthroat fry during the past 15 years has not produced

a |large popul ation of |egal-size cutthroat trout. In



TABLE:

Cal cul at ed t ot al

| engt hs of Bear

Lake fish (in inches)

at end of each year of life
Year of Nunber
Speci es Col - St udi ed
| ection 2 3 4 5 6 11 12 13

Cutt hr oat

trout 1951-52 108 10.1|14.3|21.3]25.0|28.7
Rai nbow

t rout (data will be added before publication)
Lake trout 1952- 55 44 13.5|17.1|19.7 | 21.8|23.3 29.4(30.1|31.6
Bonnevill e

ci sco 1938-41 1215 4.1 | 5.7 | 6.5 | 7.0 | 7.2
Bonnevill e

ci sco 1952 55 4.1 | 5.5 | 6.5 | 7.0 | 7.2
Bonnevill e
whi tefi sh 1951 158 4.5 | 7.1 | 8.7 |10.0|12.0 17.5
Bear Lake
whi t efi sh (data will be added before publication)
Ut ah

sucker 1941; 1952 189 5.1 | 8.4 |10.9]13.1]|14.6
Carp 1952; 1953 109 5.6 | 8.3 |11.0]13.3|15.0 20.9(21.8|26.7
Ut ah chub 1951-53 206 3.9 | 5.8 7.4 ] 8.8 |10.0
Yel | ow

per ch 1952 37 4.7 | 6.9 | 8.6 | 9.7 | 9.8

*1. Project Personnel (Utah; 1daho)

2. Students, Utah State Agricultural College

3. Ph.D. thesisof L. Edward Perry

4. Unpublished report by W.F. Sigler
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addition to planting fry in Bear Lake, the Idaho Fish and Gane Depart -
ment has stocked | arge nunbers of |egal-size cutthroat trout. Since
t hese fish were not marked until 1953, fish stocked earlier were not
identifiable as such in the creel. However, it is possible that
stocking of legal-size cutthroat trout is supporting the bul k of

the cutthroat trout fishery.

Smal | to noderate cutthroat trout spawning runs occur in three
Bear Lake tributaries--Swan Creek, St. Charles Creek, and Spring
Creek. Spawni ng traps have been nmaintained for several years in
St. Charles Creek and Swan Creek. Mpst of the cutthroat fry stocked
in recent years were hatched from spawn taken at these two traps.

The diversion of nost of the flow of these two streans into irrigation
canal s makes themineffective as spawning sites. For this reason,

the Fish and Gane Departnents of Utah and |daho established spawn

t aki ng operations on these two streans. However, because of the
reduced run of cutthroat trout in Swan Creek in 1953, it was suggested
that the cost far outweighed the benefits and therefore it was
recommended that the trap be renoved. The trap was not operated in
1954 and 1955.

I n stomachs of 20 cutthroat trout, fish were the nost inportant
item as neasured by both occurrence and volunme. During the 1938-42
study this fact was al so indicated. Bonneville cisco and scul pin
were the fish nost frequently found in the stomachs. One 9-pound
cutthroat trout, taken in the winter, contained 17 cisco from5 to
7 inches long. Shortly after some 6- to 9-inch | ake trout were stocked

in May 1954, several cutthroat trout taken contained these planted
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fish (9 in one case). None of the | ake trout eaten were over 7.5
inches long. It appears the cutthroat has little trouble finding food

once it attains a size that will allowit to feed on fish.

Rai nbow Tr out

14.7 percent of the rainbowtrout in the creel from 1953 through

1955 were, hatchery fish. From 1953 on, all stocked rai nbow trout were
fin clipped or otherw se marked. Before 1953, not all stocked rai nbow
trout were marked. Presumably, nost of the unnmarked rai nbow trout

appearing in creels in 1953 and | ater were hatchery rather than wild

rai nbow trout. (Table )
Virtually no rainbow trout were taken in deep water gill net sets,
and relatively few were taken in shallow water gill nets or by seining.

A few marked rai nbow trout and a | arger nunber of unmarked ones
appeared at the spawning traps in St. Charles and Swan Creeks during
the spring of 1953. Rainbow fingerlings were present in noderate
nunbers in the | ower sections of both streans. Since no rai nbow
trout fry have been planted in these streanms since 1950, it nust be
assunmed that natural reproduction is occurring; but it appears to
contribute relatively little to the rainbow fishery of Bear Lake. A
few mar ked rai nbow trout were recorded in Swan, St. Charles, and
Spring Creeks, and as far away as Round Vall ey.

The creel census showed | ess than 5 percent of all rainbow trout
stocked in the |lake actually return to the creel. The bul k of the
returns is fromthe current year's plant, and few or no rai nbow trout
t hat have been stocked nore than three years appear in the creel.

Since nost of these fish are fromcurrent year's stocking, and since
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TABLE Data fromrecoveries on 5,000 jawtagged rai nbows
planted in May 1953, Cctober 1953, and March 1954*
Di st ance
fronm
Si ze Si ze Growt h No. of rel ease
when when i ncre- Mont h days to point to M ace of
planted recovered nment pl ant ed capture capture recovery
pl ace
(mm) (mm) (mm) (mles)
187 222 35 Mav 85 1 Bear Lake
231 260 29 ) 85 " !
211 250 39 " 92 " "
188 252 64 " 92 " "
238 256 18 " 92 " "
184 220 36 " 85 " "
195 2 32 37 " 85 " "
195 225 30 " 85 " "
202 240 38 ! 92 ! !
211 236 25 " 92 " "
212 230 18 " 85 " "
200 200 0 " 85 " "
233 250# 17 ) 85 " !
212 256 44 " 390 " "
185 198 13 Mar ch 75 8 Bear Lake
233 253# 20 May 385 1 Snan O eek
200 218 18 Cct ober 153 15 Bear Lake
225 311 86 May 300 8 "
246 330 84 " 322 " "
228 300 72 Mar ch 270 " ”
187 290 103 Cct ober 390 " "
190 367 177 May 585 " "
187 200 13 Mar ch 67 5 Snan O eek

* No plants or recoveries of tagged fish were nade in 1955.

# Sane fish rel eased and recovered again.
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very few rai nbow trout appear in nets or other sanpling devices, and
since no rainbow | arger than 3 pounds have been observed in the | ake,
it is assuned that the stocked rai nbow trout and possibly wld ones
alike live not nore than 3 years. Possibly the bulk of the hatchery
fish die wwthin their first year in Bear Lake. It is believed that
nost of the rainbow trout stocked when they are | ess than 10 inches
Il ong are unable to find food, and therefore die fromstarvation
within their first fewnonths in the wild. O they may be weakened
by lack of food and are easy victins of disease or |arge fish.
What ever the cause, returns to the creel were |less than 5 percent for
rai nbow trout |less than 10 inches |ong. Even the highest returns
(20 to 35 percent) for 11- to 13-inch rainbow trout nust be considered
unsati sfactory.

Wen the water |evel elevation in the |ake is near the maxi num
rai nbow trout seemto prosper better than when the water is dropped
three or four feet. Yater levels are maintained at the maxi num
hei ght only occasionally, and the usual situation is that of a | owered
and fluctuating water level. This condition is apparently nore
[imting to the rainbow trout than to either the cutthroat or the
| ake trout. The fluctuating water |evel produces a snaller, |ess
productive littoral zone, which is frequented nore by rai nbow t han by
the other trout.

Rai nbow trout planted at a specific |ocation spread to all parts
of the shore. In one case fish froma plant nade near the center
of the west shore were caught directly across the | ake two weeks
|ater, a distance of 8 mles directly across or 20 mles by shore

line.
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Limted studies of food itens in rainbow trout stomachs |lead to

the conclusion that insects, primarily terrestrial, are the comon

food. About one-half of 60 stomachs exam ned contained insects and

20 percent contained fish, which was the nost inportant item by

vol une. The fish npost often eaten was the scul pin. Plant materi al

and debris were very conmmon but probably contributed Iittle food val ue.

O her itens eaten occasionally were fish, scuds, terrestrial earth-

wor s, and fossil nollusca shells. An inpression one fornms from

observing stomach contents is that the rainbow trout feeds either on

the surface or at the bottom but near the shore. The high incidence

of such non-food itens as plant fragnents, straw, and fossil snai

shel | s, suggests that the rainbow has difficulty obtaining food in

this zone. This preference for shallow water nmay result in the poor

growh rate of the rainbow trout as conpared to that of the cutthroat,

whi ch i nhabits deeper water where food is nore easily avail abl e.

Ut ah Sucker

The Utah sucker accounts for the greatest total weight of any fish
in Bear Lake. Nunerically, the Uah sucker ranks third (after the
Bonnevill e cisco and the scul pin). This high popul ation can be
attributed to the Uah sucker's ability to feed over alnost all of the
bottom area of Bear Lake, including the deepest water, and to the
fact that it is highly successful in reproducing. GIlIl net sets
showed that the U ah sucker is often in water nore than 100 feet
deep. It feeds freely on bottom organisnms at all depths throughout
the year, but it is infrequently in very shallow water during |late
sutmer. The fact that only one U ah sucker was taken in 388 hundred-
foot gill net hours in off-the-bottomsets indicates it is a bottom

dwel | er.
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Al t hough the Utah sucker does not have the choice of a |arge
variety of bottom organisnms, what is present is apparently adequate.
Young and adult suckers ali ke feed on nuch the sane food itens. Large
nunbers of U ah suckers were taken with a drag seine in 1954 and
again in 1955 at the Mud Lake inlet to Bear Lake. These fish were
in water ranging in depth to 25 feet. It is believed that abundance
of food caused this concentration.

O the several hundred U ah suckers exam ned fromthis area,

al nost all were parasitized by Ligula intestionalis, a body cavity

tapeworm The larva is a plerocercoid free in the body cavity of
many fish. No other Bear Lake fish thus far exam ned was highly
parasitized by a macroparasite. Although no obvious |oss of condition
was apparent in these parasitized Utah suckers, it is believed that
the tapeworns nust have sone detrinental effects. Fish as snall as
7 or 8 inches long often contained 3 to 4 feet of tapeworm These
fish certainly are far less attractive to fishernen, even though their
food val ue nay not be decreased. Utah suckers fromother areas in
Bear Lake and fromtributary streans were al so parasitized, but the
percent of infested individuals was |ower.

The Utah sucker spawns in the tributaries, in Mid Lake, and al ong

the shoreline of the | ake proper. Spawning occurs in |late May and
early June on the rocky shoals between North and South Eden. This

sane spawning area is used by lake trout, whitefish and scul pin at
ot her seasons. Utah chub and Bonneville whitefish were observed

acconpanyi ng the spawni ng schools of Utah suckers, and |later were

found to have sucker eggs in their stomachs.
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Length frequencies of catches in experinmental gill nets showed
that the juvenile U ah sucker is not caught in Bear Lake but is common
in adjoining Mud Lake and its canal system(Fig. 13). It is also
abundant in the | ower sections of St. Charles, Swan and Spring Creeks.

In July 1955, St. Charles and Swan Creeks were checked with an
el ectric shocking machine. In St. Charles Creek, as many as 50 to 60
Ut ah suckers were taken from pools no wider than 20 feet, Certainly
many thousands of Utah suckers had ascended this streamto spawn.

Two groups of Utah suckers appeared in the stream-- those that had

: pawned and were descendi ng, and anot her group that apparently woul d
not spawn within the current year. The fish that had spawned were

i n considerably worse physical condition than the non-spawners. The
spawned-out fish were scarred along the sides, and their color was

bl eached. The others were dark and unscarred. W coul d not determ ne
whet her the immture fish were residents of the stream since they
apparently were not there to spawn, we presuned that nost of them were
| ake residents.

Swan Creek apparently supports a nmuch smaller popul ation of
spawni ng U ah suckers, and these fish suffer a higher post-spawning
nortality than those in St. Charles Creek. Swan Creek is not as
deep, and its bottomis rougher and has | arger boul ders than

St. Charles Creek; also, human interference is greater in Swan Creek

Carp
Bear Lake is considered borderline habitat for carp. Many casua

observers believe carp to be abundant enough to be quite detrinmental

to other fish. This opinion results fromtwo factors: (1) nost Bear
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Lake carp are at the surface and near shore during the warm nonths,
and (2) they concentrate in the falls when water is flow ng from Mud
Lake into Bear Lake. It is alnobst possible to count the entire carp
popul ati on of Bear Lake on a sunny day when the | ake is warnmest at the
surface. Evidence indicates very little reproduction of carp in
Bear Lake, possibly none except at the mouth of St. Charles Creek.
Most Bear Lake carp apparently are spawned in Mud Lake and in marshes
al ong Spring Creek; then they mgrate into Bear Lake. It is believed
that if no carp noved from Mud Lake the popul ation of carp in Bear
Lake would in a few years be al nost gone. Although the danage that
carp do to the ganme fish population is not great, the carp is certainly
a conpetitor with small gane fish. Unlike the sucker and ot her non-
ganme fish, the young carp probably provides little or no positive
benefits as a forage fish. Large nunbers of carp are present near
the creek nouths and around the inlets from Mud Lake. Many carp
actually attenpt to nove into Mud Lake in the early spring, probably
because the water then flowng fromMd Lake is often 5 to 10 degrees
war mer than Bear Lake water

Gowh rate of the carp is poor in Bear Lake conpared to that in
nost other carp habitats in Uah. The carp in Bear Lake lives to be
as old as, or older than it does in other Uah waters, but it grows
at a nmuch slower rate; for exanple, a 4-year-old carp in Bear Lake is
about 11 inches |ong, whereas a carp of the sanme age in Bear River
Bird Refuge nornmally woul d be about 20 inches | ong.

M dge | arvae and copepods nade up the principal organisns in the
food of the carp examned at the inlet in June 1954. A nonth |ater,

carp were still taking many mdge | arvae but very few copepods. The
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m dge | arvae eaten by Bear Lake carp are quite small. Gastropods,
probably fossil shells, constitute about 5 percent of the total food.
Pl ant debris was taken by many carp; nmuch of this was seeds of Chara

and Pot anpbgeton and sone live plant material. Mst cr all of this

pl ant material probably had been washed in from Mud Lake. Fil anentous
al gae and a few di atons were taken but were of mnor inportance.
About one-fifth of the intestinal content of the carp studi ed was
sand. The taking of sand and plant debris normally indicates that
the habitat is of poor to borderline quality. Presumably the carp
stirs up large quantities of sand when it nust feed over a |arge
area to find the nost desirable food item-- mdge |arvae. The
results of the 1955 studies of food habits did not differ greatly
fromthose of 1954. Duck weed made its first appearance in carp
stomachs in 1955. The carp in Bear Lake is al nost exclusively a
bott om f eeder, but sonme "gapi ng" actions frequently observed at the

surface appear to be a type of feeding activity.

Scul pin
Relatively little life history information about the scul pin
was gat hered even though this fish is considerably nore inportant in

t he Bear Lake ecol ogy and econony than the amount of study indicates.

The gill nets used for the majority of the popul ation studies were
not effective in catching the sculpin. It was not until late in
the study when fine nmesh gill nets were avail able that the abundance

and wi de distribution of the sculpin were fully realized.
Food habit studies of |ake trout and other large trout show that

the sculpin is always an inportant food itenm Bonneville whitefish
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al so feed heavily on scul pin at certain seasons. Nunbers of young
scul pi n exceeded those of all other species counted in the poisoning
collections nmade in the shallow waters of the | ake in Cctober or
Novenmber 1953. Adults were very abundant in electric shock collections
made in April 1952.

One hundred twenty scul pins, averaging 3 inches in length, were
taken in 309 100-foot net hours using 3/8 and 1/ 2-inch nmesh; nore
than 90 percent of the scul pins were taken in the smaller nmesh. From
May through Cctober, the majority of the sculpins were in water nore
than 50 feet deep, and a | arge nunber were taken in water 175 feet
deep. The scul pin apparently spawns near shore around rocks in April.
After spawning, it mgrates to deeper water despite the fact that
there is no cover in the deeper areas. The species present is an
undescri bed formof Cottus, indigenous to Lear Lake. It may be a

deep-wat er variation of the common scul pin (Cottus beldingii) in

adj acent drai nages.

Lake Trout
In spite of the poor fisherman success and |ow total catch of
| ake trout, this fish is a prinme attraction in the Bear Lake fishery.
The fact that the lake trout is taken rarely and that it attains
| arge size apparently adds to its trophy val ue; however, it is
general ly ranked sonmewhat below the cutthroat trout in table appeal.
Only lake trout that were inadvertently killed in the nets were
examned for life history information. Additional information cane
fromfishernen. This resulted in a relatively snall sanple, and the

data derived fromit nust be interpreted with caution. Scal es of the
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| ake trout were so difficult to interpret that another method of aging
was sought. Growth marks on bony structures have been used in several
cases to age fish. It was determ ned that the posterior branchiostegal
rays of the | ake trout had marks which appeared to be year marks and
agi ng was done by counting these marks. The marks were quite distinct
and regular, and the nunber of marks in general increased with the
l ength of the fish. Conplete verification of the validity of the
agi ng net hod was not possible with the limted data avail abl e.

The gromwth rate of |ake trout in Bear Lake appears to equal or
surpass that in several habitats where the species is native (Table ).
Al l speci nens exam ned from Bear Lake were in excellent condition.
Spawni ng areas typical of those used by |ake trout in other waters
are extrenmely limted in Bear Lake, Boul der and rubble areas extend
bel ow t he zone of water fluctuation and wave action in only 3 pl aces;
North and South Eden deltas and Riches Point. Even in these areas
the rocks are usually partially buried in sand and are al ways coated
with precipitated marl. In 1954 and 1955, a concentration of | ake
trout appeared on the rubble area off South Eden delta during October
and Novenber, and | ake trout taken later fromthe vicinity were
spent; hence, it is assunmed that |ake trout were spawni ng there.

Apparently few, if any, of the eggs spawned in the | ake produce
fish that survive to maturity. No | ake trout smaller than 20 inches
| ong were taken by any nmethod during the study. Wth very few excep-
tions the age of the | ake trout exam ned coincided wth years in which
| ake trout had been planted. Since all |ake trout stocked from 1952
to 1955 were marked, nore information will be avail abl e when these

year classes return to the creel.
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The chief obstacles to a self-sustaining | ake trout fishery
seemto be a lack of suitable spawning area and | ack of nursery
grounds for the fry.

Only occasional stomachs were exam ned and, as expected, fish

were the only item found.

Yel | ow Perch

The yel | ow perch, considered an undesirable fish when very snal
in size, grows to an acceptable size in Bear Lake (Table ). The
perch fishery exists only at the north end of the |ake in areas
adjacent to the inlets from Mid Lake. Cccasional mgrants have been
taken in gill nets along the west shore as far south as Swan Creek,
but they are rarely taken on hook and |ine there.

Reproducti on probably occurs in Mud Lake, where the shall ow
water warnms early in the spring, and where vegetation is nore abundant
than in Bear Lake. In early May 1952, |arge nunbers of egg masses
were found along the north shore of Bear Lake near the Mud Lake inlet.
Most of these had been washed ashore by strong winds. An attenpt to
hat ch sonme of themfailed. Probably these eggs had been carried into
Pear Lake by the great volume of water that flowed through the Md

Lake inlet earlier that spring.

Bonnevill e Whitefish

The original descriptions of Bear Lake coregonids were made by
Snyder ( 1919 ).

Three species of whitefish besides the Bonneville cisco are in

Bear Lake: the Bonneville, the Bear Lake, and the Rocky Mountain
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whi tefi sh. Because the Rocky Mountain whitefish is considered a rare
m grant fromBear River, it is not discussed in this report.

The only species appearing in creels from Bear Lake is the
Bonneville whitefish. In some years, nore than half of the tota
harvest is conposed of this fish. Aspects of the fishery for Bonne-
ville whitefish are discussed in detail in the section on creel
census (pp. ).

The usual spawning time of the Bonneville whitefish is early
Decenber. Fish judged to be ripe were taken from m d- Novenber until
early January. The usual spawni ng areas appeared to be rocky shal -
lows; but in |ow water periods, when the rocks are exposed, it is
presuned t hat Bonneville whitefish spawn over sandy points. Smal
femal es, about 8 inches |long, contained from600 to 900 eggs. One
9-inch femal e contai ned 1200 eggs. No very large ripe femal es were
obtai ned for egg counts.

G Il netting on spawning areas usually resulted in capture of
| ar ge nunbers of spawners between 8 and 9 inches |ong. The hook and
l[ine fishery took many spawners exceeding a foot in length, a size
t hat sel dom appeared in the gill nets. Wether this discrepancy

represents gear selectivity or segregation by size of the spawners
is not known. Slight but consistent differences in appearance

bet ween spawni ng groups may suggest races within the species. Brief
nmor phonetric studies of this species, using neasurenents of body
parts, indicate a variety of intergrades. Some individuals dwelling
near stream nouths were al nost indistinguishable from Rocky Munt ain
whi tefish, which were also present in the vicinity. This fact

suggests that many of the differences between typical Bonneville
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whitefish and typical Rocky :Muntain whitefish nay be due to environ-
mental conditions as well as genetic makeup.

Scal e studies |lead to the conclusion that the Bonneville white-
fish grows at rates simlar to those at which the Rocky Muntain
whitefish grows in the nearby but unconnected Logan River (Sigler,
1953). A spawning size of 8 inches is attained in the fourth year.
The 10- to 12-inch group, nost comon in the creel, are either 5 or
6 years ol d.

M dge | arvae, both pupae and adults, were represented in 52
percent of the stomachs of 65 adult Bonneville whitefish. The next
nmost common item was a conbi nation of gravel, sticks, fossil shells
and, other detritus, which was in 34 percent of the stonachs
exam ned. M scel |l aneous aquatic and terrestrial insects, excluding
m dges, occurred in 10 percent of the stomachs, and fish were in 12
percent. Twenty-one percent of the stomachs contained small nunbers
of at least one of the follow ng: copepods, ostracods, whitefish
eggs, aquatic oligochaets, or unidentified naterial presuned to be
aquatic oligochaets. It is evident that, if the stomachs exam ned
were representative, the Bonneville whitefish is a far-ranging
opportuni st. The m dge | arvae and aquatic oligochaets live in
deep water, while the remai nder of the insects are in shall ow water

or are terrestrial forns.

Bear Lake Wi tefish
The Bear Lake whitefish was not recorded in creels during the
study. Al individuals taken in gill nets were from water wusually

exceeding 75 feet in depth. The chief features that distinguish this
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species fromthe Bonneville whitefish are its |larger scales and
uni que "roman-nose", better understood from pictures than description.
The Bear Lake whitefish is a dwarf species sel dom exceedi ng 9 inches
| ength. The largest individual taken in gill nets during the study
was just short of 11 inches. This sane individual was either 10,
11, or 12 years ol d.

Normal | y, spawni ng occurs in water from50 to 100 feet deep
during January and February; however, ripe females were taken in |late
March. This observation is consistent with belief that the spawni ng
period for this species is much less definite than that of the
Bonnevill e whitefish. Lake tenperatures, at the tine Bear Lake
whi tefish spawn, are generally 35-39°F. The tenperature at which
t he Bonneville whitefish spawns is nearer 45°F. Egg counts for
8-inch Bear Lake whitefish averaged 2000 per fenuale.

Ostracods were in 80 percent of 33 Bear Lake whitefish stonachs
studi ed, but aquatic oligochaets were present in only 3 1/3 percent
of these stomachs. Unidentified aninmal material, presuned to be
di gested aquatic oligochaets, occurred in 30 percent of the stomachs.
Ei ght een percent of the stonmachs contai ned m dge | arvae. An
occasi onal Bear Lake whitefish chose to eat fish, copepods, or
insects other than mdge | arvae, but these itens were uni nportant.
These observations, admttedly limted in scope, suggest a conplete
dependence on the soft marl bottomin deep water as a source of food.

That is the habitat of the ostracods and aquatic ol i gochaets.
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Young Bonneville whitefish were common in 3/8- and 1/2-inch
gill nets that were set at depths varying from40 to 100 feet. Very
few young whitefish were taken by any nmethod in shallower water. This
tendency to inhabit deep water probably explains the conparatively
greater success of this species in Bear Lake than that enjoyed by the
trout species.

Ut ah Chub

The status of the Utah chub may be conpared to that of the trout
species in Bear Lake. Although the Utah chub cannot be considered as
bei ng successful as a species, because of relatively | ow nunbers,

i ndi vidual Uah chub growto a |arger size than was recorded for Utah
chub in any other lake in Uah. The growmh rate as determ ned from
scal e studies is considerably nore rapid than that displayed by U ah
chub in lakes in U ah where extrenely high popul ations of this species
are present (Table ).

Reproduction and early grow h probably occur in Mud Lake. Young
adult fish mgrating to Bear Lake from Mud Lake appear to be the main
source of recruitnment for the Utah chub popul ation in Bear Lake. No
spawni ng activities or sexually ripe individuals were observed in
Bear Lake.

Food habits were only cursorily investigated. Plant materi al
and m dge | arvae were the itens nost common in 10 stonmachs exam ned.
Sucker eggs were the domnant itemin 3 Uah chub stomachs taken from
individuals in a |large school of chub acconpanyi ng spawni ng suckers.

The | argest popul ations of chub were found near the connections

wi th Mud Lake.
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CREEL CENSUS
Rat es of Fishing Success, Total Harvest, and Return of Marked Trout

The estimated rates of fisherman success for gane fish during
1953, 1954, and 1955, were 0.33, 0.26 and 0.18 fish per hour,
respectively. The rates of success for individual species and
mar ked groups were usually conputed only for that part of the year
or for the method of fishing that produced 75 percent or nore of
the kind of fish under consideration. For this reason the rates
of success during an entire year for species contributing to the
total catch are not conparable to the rates of success for al
speci es.

Al t hough not always strictly conparable wth each other, sone
of the extrenes in rates of success are interesting. In 1953 and
1954 during the peak of the spawni ng period in Novenber and
Decenber, whitefish were caught at the rate of 0.53 fish per hour.
Yel | ow perch were taken at this sane rate per hour during the
first quarter of 1953. The foregoing rates of success were the
best experienced for any protracted period on Bear Lake. O her
high rates of capture were as follows: rainbow trout during the
sumer of 1955, 0.36 fish per hour; cutthroat trout, by boat fisher-
men during all nonths of 1955, 0.056 fish per hour; and |ake trout,
by. boat fishermen during the late summer and early fall of 1953,
0.03 fish per hour. The poorest rates of capture for all species
except the rainbow trout often remained close to zero for periods
as long as three nonths during seasons when fishernmen were | east
successful. The rainbow trout is not nearly as seasonal as other

gane fish, and the success of fishernen depends directly on the
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recency of a plant of large fish. Fishing success of 0.25 or nore
fish per hour may continue for as long as six nonths after a heavy
pl ant of rainbow trout, but it declines rapidly thereafter.

The rates of success for Bear Lake are generally considered
low. The estimated rate of capture for all trout in 1955 was 0.125
per hour, which may be conpared to that of three popular |akes in
| daho and Utah during 1955. Strawberry Reservoir, Lake Pend
Oeille, and Priest Lake yielded trout at the rate of 0.12, 0.12
and 0.42 fish per hour in the 1955 season. Considering other gane
fish in addition to trout, the three aforemntioned fisheries
yi el ded rates of success of 0.12, 2.1, and 1.35 as conpared to a
rate of 0.18 on Bear Lake. The fish contributing the nost to
success on Lakes Pend Oreille and Priest was the kokanee, which
supports a commercial hook and |ine fishery.

Certain experienced fishermen on Bear Lake consistently caught
fish. Ohers used nethods obviously |less efficient. The nobst
obvi ous source of wdely varying rates of success during any one
period of the year was the fact that trolling froma boat and stil
fishing fromthe shore are both effective nethods of fishing but
did not catch the same species of fish.

Total harvests for all species were conputed for each year.
Fiducial limts at the 95 percent confidence |evel were conputed
for 1954 and 1955 (Tabl e ). The nost obvi ous concl usion that
yearly trends mght lead one to make is that it is difficult
to predict which species will contribute nost to the total harvest.

There appears to be a correlation between hei ght of water

| evel and size of harvest of whitefish. Three years' data hardly
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TABLE Esti mated total catches of Bear Lake Fishery
For 1953-54-55
Speci es 95%
Year or Mar k Cat ch Confi dence
G oup Linmts

1953 Al Gane Fish 18, 500*

Cutt hroat trout None 1, 000*

Lake trout None 500*

Rai nbow trout None 2, 865*

Rai nbow trout Adi pose only 260* #

Rai nbow t r out Ad. & left pelvic 405*

Rai nbow t r out Ad. & right pelvic 306*

Rai nbow t rout Tagged 110*

Rai nbow t r out Tot al 4, 000*

Yel | ow perch None 5, 500*

Bonnevill e whitefish None 7, 500*
1954 Al Gane Fish 12, 450+ 6, 850

Cutt hroat trout None 950*

Lake trout None 200*

Rai nbow t r out None 500*

Rai nbow t r out Adi pose only 85*

Rai nbow t r out Ad. & left pelvic 455*

Rai nbow t r out Ad. & right pelvic 40*

Rai nbow t r out Ad. & left pectoral 480*

Rai nbow t r out Ad. & right pectoral 30*

Rai nbow trout Ad. & dorsal 150*

Rai nbow t r out Ad. & both pelvics 50*

Rai nbow t r out Tagged 40*

Rai nbow trout Tot al 1, 830*

Yel | ow perch None 900*

Bonnevill e whitefish None 7,400+ 4, 060
1955 Al Gane Fish 5, 800+ 2, 040

Cutthroat trout None 900+ 765

Lake trout None 115+ 80

Rai nbow t r out None 350+ 190

Rai nbow t r out Adi pose only 0

Rai nbow trout Ad. & left pelvic 35+ 20

Rai nbow trout Ad. & right pelvic 0

Rai nbow t r out Ad. & left pectoral 260+ 145

Rai nbow t r out Ad. & right pectoral 30+ 14

Rai nbow trout Ad. & dorsal 35+ 30

Rai nbow trout Ad. & both pelvics 20+ 9

Rai nbow trout Ad. & anal 2, 400+ 1, 320

Rai nbow trout Tot al 3, 130+ 1, 700

Yel | ow perch None 25+ 20

Bonnevill e whitefish None 1, 700+ 920

*Limts not conputed but,

| ess than 100% of tota

# 640 estimted to have been caught

based on 1955 vari ances,
catch i ndi cat ed.

in 1952 creel census,

Ut ah only.

they are assuned to be
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give sufficient proof for this hypothesis. If it is true that
nore whitefish are taken during years of high water than when the
| ake is 6 or nore feet bel ow basin capacity, the relationshipis
probably based on greater availability of whitefish to shore fisher-
men rather than on a |arger popul ation.

Reasons for fluctuations in the perch harvest are probably
related directly to the anount of spring inflow Fluctuations in
nunbers of rainbow trout harvested are due to fluctuations in the
volunme of legal-size or |arger plantings. The steady decline of the
| ake trout fishery is probably due to |lack of natural recruitnent
and depletion of stocked fish. The relative stability of the
cutthroat trout fishery appears to indicate a small but constant
recruitnment rate. The harvest of trout per acre on Bear Lake
during 1955 averaged 0.06. Harvest figures for Priest Lake, Lake
Pend Oeille, and Strawberry Reservoir are 0.20, 0.13, and 8.0,
respectively, but these are based on different rates of fishing
pressure. The |lower rate of harvest on Bear Lake is not entirely
due to a |l ower productivity. Until fishing pressure on Bear Lake
reaches a point conparable to that on other |arge |akes, the real
productivity of the lake will be in doubt. It is entirely possible
that a fourfold increase in fishing pressure would not noticeably
depress the rate of success.

The percent of planted rainbow trout returned to the creel is
perhaps the nost inportant part of the findings (Table ). No
mar ked | ake trout or cutthroat trout were returned to the creel.
The lack of marked | ake trout in creels was to be expected since

they were not planted in | arge nunbers until 1954. The ten thousand
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TABLE : Estinated percent of Bear Lake rainbow returned to creel.
(Recorded by individual plants.)
Aver age
Mar k Nunber Dat e Si ze and Percent Returned
Pl anted [Pl ant ed Range at .
Time of 52 ['53 | ‘54] ‘55 | Total
Pl anti ng
(in inches)
Adi pose June 9
only 2, 800 1952 (8-11) 22.9 1 9.3/ 3.1 0 35.3
Adi pose June-
& Left July 7
Pel vi c 16, 900 1953 (4-12) 2.4 2.7 0. 5.3
Adi pose
& Ri ght June 5
Pel vi c 21, 000 1953 (4-6) 1.7 0.2/ O 2.0
Tagged May- Cct . 8
Fi sh 3,700 1953 (7-10) 2.9, 1.0/ 0 3.9
Adi pose
& Left June 8
Pect or al 20, 200 1954 (7-10) 2.4 1 3.5
Adi pose
& Ri ght July 5
Pect or al 16, 000 1954 (4-6) 0.2 0 0.4
Adi pose
& Both Mar ch 7
Pel vi cs 8, 000 1954 (6-8) 0.6 0 0.8
Adi pose Cct - Nov 7
& Dor sal 25, 000 1954 (6-8) 0.6 0 1.0
Adi pose Jul y- Aug 9.5
& Anal 12,000 1955 (8.5-14) 20. 20. 2
Tot al 125, 600
4. 7% of all marked fish planted returned during project.
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8-inch cutthroat trout planted in July 1954 had not yet appeared
in the fishery at the end of the study. This makes it appear the
nore probable that the | ow nunbers of cutthroat trout appearing in
the creel are recruited fromfish when planted, or are wild ones
that drift in fromthe tributaries. Al though none of the tributaries
are capable of rearing | arge nunbers of such fish, it appears
possi bl e that the 1200 or so cutthroat trout harvested each year
may have cone fromthese streans. |If we consider the harvest from
1946 through 1955 to have been 1200 cutthroat trout per year, as
was true for 1953 and 1954, the total harvest for the 9-year period
woul d be 10,800 fish. During that period, about 2,100,000 cutt hroat
trout, ranging in size fromfry to |legal-size, were planted in Bear
Lake. A return to the creel of one-half of 1 percent of al
cutthroat trout planted may be conmputed fromthese figures if it is
assunmed that there is no other source of recruitnment. The m | dest
statenent that can be made about the cutthroat planting programis
that it appears to be uneconom c. (Tables ).

The return of nmarked rai nbow trout averaging |ess than 8
inches is without exception | ess than 1 percent. No marked rai nbow
trout shorter than 4 inches were planted during the study. G oups
averaging 8 or 9 inches long contributed |less than 5 percent of
their planted nunbers to the creel. Two hand- pi cked groups of
rai nbow trout having many 11- to 12-inch individuals returned
35 percent and 20 percent of their nunbers to the creel. The group
contributing 35 percent was planted in 1952 by Utah when the
census was being conducted on a limted scale on the Uah side of

the | ake only. The 35 percent return was only a rough estinmate and
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TABLE : Cutthroat trout planted in Bear Lake, 1939-1954

Lengt h

Pl anti ng Nurber (1 nches) Fin dip
1939, Cxct. 464, 790 11/2 None
1939, Cxct. 115, 860 2 1/2 None
1940, Aug. 288, 768 1 None
1940, Sept. 129, 920 11/2 None
1941, June 80, 102 5 None
1941, Aug. 434, 500 11/2 None
1941, Sept. 20, 000 2 None
1941, Cct. 7,000 11/2 None
1942, Feb. 50, 000 2 None
1942, Sept. 430, 450 1 None
1943, June 30, 200 1 None
1943, July 17,700 1 None
1943, Aug. 7,100 1 None
1943, Aug. 19, 320 1 None
1944 597, 000 3 None
1945 361, 000 3 None
1946 683, 000 3 None
1947 700, 000 3 None
1948 575, 000 3 None
1948 4, 400 3-8 None
1949 700 3-8 None
1950 58, 000 3 None
1950 29, 000 3-8 None
1951 20, 000 3-8 None
1952 26, 000 3-8 None
1953 65, 000 3 None
1953 4,000 3-8 Adi pose and | eft pelvic
1953, Mar. 1, 000 2-4 Adi pose only
1953, July 1, 000 8 Adi pose and left pelvic
1954, July 10, 000 5 Adi pose and | eft pectora
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TABLE : Lake trout planted in Bear Lake from 1940 through

1955

) Lengt h Year
Planting Number (1 nches) Fin ip d ass
1940 (June) 19, 824 6 None 1939
1940 (July) 229, 120 3 None 1940
1940 (Aug.) 166, 900 3 None 1940
1941 (Apr.) 19, 200 S None 1940
1941 (June) 21 000 S None 1940
1947 3,500 3-7 None 1946
1948 4,770 6-10 None 1947
1949 1,488 7-11 None 1948
1952 ( Sunmer) 1, 500 7 Adi pose only 1952
1953 (Summer) 800 7 Adi pose only 1953

1954 ( May) 8, 900 7.5 Adi pose and
left pelvic 1953

1955 15, 000 7.1(6-11) Adi pose and
anal 1954

1955 16, 000 6.0(4-8) Adi pose and
anal 1954

1955 3, 500 10 Adi pose and

right pelvic 1954



TABLE: Thousands of Sal nonids planted in Bear Lake - 1933-1938*

Year Kokanee Br ook trout Lake trout
1" 2" 3" 4" 1" 2" 3" 4" 17 2" 37 4"

1933 43. 3 214 44. 2 80. 4
1934 18. 2 87.8
1935 244
1936 124
1937 98 51.2 45 50 79.6
1938 65 240 47 50 10

* In 1933 and 1934 there were 61,491 landlocked salmon of 2” length.
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IS subject to doubt. The 20 percent was fromreturns of a plant of
12,000 rai nbow trout nmade in 1955, a season when nunerous interviews
were taken. Confidence limts for this harvest at the 95 percent

| evel equal 11 to 39 percent of the total plant. Even the upper
figure represents a poor return when conpared to 60 to 80 percent
returns for small bodies of water having.a heavy fishing pressure
(Regent hal , 1952).

The unmar ked rai nbow trout in the Bear Lake creel probably
came fromplants totaling about 44,000 |egal-size fish planted in
1951 and 1952. A partial creel census conducted on the Utah side
gives a rough estimate of 5000 trout per year for 1951 and 1952.
Experience fromthe conbi ned creel census was used to nmake an
estimate of the Idaho catch as conpared to the known Utah catch
for those years. Wien the estimte of unmarked rai nbow trout
caught in 1951 and 1952 is added to the harvests of 1953-55, a
total of about 9,000 stocked unmarked rai nbows was caught during
this period. This represents a return to the creel of 20 percent
of the original plant. Since the nost optimstic figures were used
in estimtes whenever there was any doubt, this is a maxi mum figure.

Size of Fish in Cree

The one feature that brings fishernmen back to Bear Lake tine
after unsuccessful tine is the know edge that a few | arge | ake trout
and cutthroat trout taken are in excellent condition. The majority
of the | ake trout exceeded 24 inches' |ength, one approachi ng 36
i nches' length was recorded. The nost frequent size of cutthroat
trout is from17 to 19 inches, but a nunber of individuals exceed

24 inches. Rainbow trout are often rather thin, and individuals
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known to have been in the | ake for three years did not exceed 15
i nches' length. The yellow perch, in years when they entered the
fishery, averaged 11 inches. In the fall of 1952, several perch
wei ghi ng nore than two pounds were caught in one day where the
outl et canal enters the punping station at Lifton. The average
| ength of whitefish in 1954 was 10 inches, and in 1955 it was 12
i nches. Whitefish weighing four pounds have been reported, but the
interviewers recorded few fish that exceeded two pounds
(Figs. 14, 15, & 16).

Nunbers, Residence, and Expenditures of Fishernen

The estimated nunbers of fishermen on Bear Lake declined each
year of the creel census. In 1953, it was estinmated that 12,000
fi sherman days were spent on the lake; in 1954, the estinmate was
10,000 and in 1955 the estimte was 9, 000. Although these
di fferences are not statistically significant, they appear to be
real. The decrease in total nunber of fishernen for 1954 conpared
with that for 1953 is thought to be associated with a decline in the
quality of fishing caused by a drop in nunbers of rainbow trout
and yell ow perch in the | ake. The | ower nunber of fishernen in
1955 may have resulted fromthese causes plus a | ong period of ice
cover that was not present in 1953 or 1954.

The nost intensive fishing pressure occurred during May and
Decenber of the years of creel census. It is estimted that |ess
than 20 percent of the total anount of fishing pressure occurred in
t he period between June 1 and the end of Septenber. This period
of very low fishing pressure is thought to result fromthe poor
summer fishing in Bear Lake conpared to that of other nearby |akes

havi ng open seasons at the sane tine.
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Fi shing pressures on Bear Lake never exceeded 0.17 fishernen
per surface acre per year any tinme during the census. This may be
conpared to nunbers of fishernmen per surface acre in the 1955
season on Lake Pend Oeille, Priest Lake and Strawberry Reservoir
of 0.75, 0.67 and 13.0, respectively. The first two of these |akes
are large waters in northern Idaho and the |ast one is a noderate
sized reservoir in north central Utah. The fishing seasons on the
three | akes whose fishing pressures are shown for conparison | ast
about 7 nonths, whereas the Bear Lake fishery exists throughout the
year.

The creel census data indicate that about 70 percent of Bear
Lake fishermen live in Uah, and alnost all the renai nder conme from
| daho. Mbst of the Utah residents live in Cache, Wber, and Rich
Counties; alnost all Idaho residents are from Bear Lake County.

Fi shermen from states other than |Idaho and Utah are rare.

A record of individual fisherman expenditures was nmade in 1953.
The fishernen interviewed were asked how nuch noney they had spent
on several itens since the last tine they had gone fishing. The
average of the anpbunts spent was considered a fair estimate of the
average expenditure per fishing trip for the itens asked about. No
attenpt was nade to set confidence limts to the val ues.

The estinmated average expenditure per fishing day was $9. 09.
This was divided anong the following itens common to fishernen
fishing gear, $4.63; boots, boats, trailers, canping gear, and
simlar itenms, 50 cents; |icense, 33 cents; neals and | odgi ng,

65 cents; travel, $2.63; and such m scellaneous itens as cigarettes,

film and liquor, 35 cents. It is apparent that few of these
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expenditures were nade near the | ake and that fishernmen contribute
relatively little to the general econony of the imredi ate area. The
two | argest expenditures, those for travel and fishing gear, are
probably nmade in Logan, Ogden, and Montpelier by nost fishernen.
The estimated total fisherman expenditure of Bear Lake for 1953
was $109, 000, or $1.50 per surface acre. This can be conpared to
the 1952 estinmates of $82.00 and $283.00 per surface acre for
Navaj o and Panguitch Lakes in southern Uah. These | akes have an
excel lent fishery during the tourist season, whereas Bear Lake
usually has its poorest fishery in the warm nonths. Fi shernen
at Lake Pend Oreille made non-capital expenditures amounting to
$400, 000 which may be conpared to a total expenditure on Bear Lake,

m nus capital expenditures of about $12, 000.
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MATERI ALS AND METHODS
Popul at i ons

Rel ati ve abundance, distribution, and length frequencies of the
fish studied were determined primarily from collections made in 1952
and 1953 with bottomset, gill nets. These nets were 125 feet |ong
by 5 feet deep, and were nmade of nylon. They had five 25-foot panels;
each ° panel a different size of nylon nesh. The nesh sizes, by bar
measure were 3/4, 1, 1 1/4, 1 1/2 and 2 inches. Sets that were
anal yzed for rate of catch per unit of netting effort were nade for
overni ght periods averaging 1 hours. Sanpling was done during all
seasons.

Records of gill net collections made in 1938-42 were nade
available by Dr. Stillman right of the U S. Fish and Wldlife Service.
The type of net used by the U S. Fish and Wldlife Service was
conparable to ours but was nmade of linen instead of nylon. Brief
conparisons of the efficiency of nylon and |inen sets nade by the
witers did not show any great difference.

The unit of netting effort on which catch rates are based is the
100-f oot - net hour. Use of such a unit requires the assunption that
one unit of net length set for two units of tine is equally as
effective as the converse. No evidence to the contrary was di scovered
in the catch records.

Opi nions regarding rel ati ve abundance of species in gill net
coll ections are based on rates of capture. However, w thout know edge
of species novenents it is inpossible to separate the evidence of
abundance from degree of novenent. In other words, greater activity
creates the inpression of greater abundance because this activity

i ncreases the catch
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In presenting figures on relative abundance, it is assuned that
popul ati ons of individual species are static. This is the sane as
saying the total nortality and total recruitnent equal each other
during the period of collecting. Presentation of |ength-frequency
i nformation, obtained fromcollections nade over an extended peri od,
assunes the foregoing plus equal nortality and recruitnment for
i ndi vi dual size groups. Such assunptions are undoubtedly partially
i naccurate, but it is inprobable that any great popul ati on changes
di d occur wi thout being noticed in net collections.

Spot checks with the sane nets were taken in 1954, 1955 and 1956,
to determ ne the degree of consistency existing anong sets nade under
conparabl e conditions. These later collections led to the sane
opi ni ons about rel ative abundance and distribution as did the earlier
dat a.

GIll netting wth the nets suspended above the bottom was done
to gain sone idea of the density of species noving in this stratum
Approxi mately 200 hundred-foot net hours of effort were spent at
several positions between surface and bottom Briefly, the nethod
used consi sted of suspendi ng nets havi ng neutral buoyancy on |ines
hung fromtwo large, firmy positioned floats (Fig. 17).

Besides the data on md-water sets nade with experinmental nets
during the recent investigation, data were avail able on the m d-water
di stribution of ciscoes as determ ned by Perry (1943) fromnets
having 3/4-inch nmesh. Additional results of 188 hundred-foot net
hours of effort at several md-water positions with 2-inch nmesh in
1938-42 were al so consi dered when anal yzing the distribution of Bear

Lake fi sh.
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To obtain an estimate of the population of small fish in deep
wat ers, 309 hundred-foot net hours of sanpling were done in 1954 with
nets havi ng equal panels of 3/8-inch and 1/ 2-inch Japanese nyl on nesh.
The threads of these nets were considerably finer than those in any
donestic nesh.

To determ ne the characteristics of the fish popul ati on of shal -
| ow areas close to shore, several other collecting nethods were used.
Spot poi soning with rotenone in three typical shore cover types and
nmout hs of two creeks was the chief source of data for popul ati ons of
smal | fish. Seines were used nostly to catch Utah chub and carp to
obtain life history material, but seining also contributed to the
knowl edge of the fish popul ations. Two | ake shore coll ections were
made by 'electro-fishing with 5 kw. of direct current at 240 volts.
Several daylight gill net sets of short duration were made in |ess
than 5 feet of water. These sets are considered atypical and are not
included with the primary data.

Limted collecting was done with two different traw s; however,
efforts during this study were admttedly limted.

The results of 26,578 hook-hours of set line fishing in 1939-40-41
and 5000 hook-hours in 1952-53 are presented under the creel census
di scussi on (pp. ).

Fish populations in tributary streans were sanpled by el ectro-
fishing with 5 kw. of direct current at 240 volts. Statenents on
nmel ati ve abundance are based on observations at twenty 1/10-m | e sta-

tions exam ned during the period 1951-1954.
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Life History

Life history data were coll ected whenever possible, but such
coll ections were incidental to carrying out the main objectives stated
above (pp. ). Life histories presented in this study are not
conpl ete, and sone are based on small sanples. Efforts with the first
trawl were unproductive, presunably because of its small nouth. The
second trawl was simlar to one used in the Great Lakes Fishery
i nvestigation, and was consi dered successful, but we used it only a
fewtines. Its heavy iron frame nade the net so cunbersone that it
could be Ianded only on a sloping shore. It is believed the use of
a smaller light weight frame would mane this equi pnment nore useabl e.
These data are presented as interiminformation until nore conplete
information is gained. An exception to this is the abundant body of
data on the Bonneville cisco available in the graduate thesis by
L. Edward Perry (1943).

An investigation of the food habits of bottomfeeding fish and
of bottomfauna is presently underway.

Scal es were used to deternmine age and growth rates for all fish
except the | ake trout and carp. The posterior branchiostegal ray
and opercul ar bone, respectively, were used for these species. Data
were obtained fromfish collected by all nethods nentioned and by
hook and line (fishermen creels). Enpirical body-scale relationships
are, for all practical purposes, linear.

Food habits of the carp were determ ned fromcontents of seine
collections. Wiitefish stomachs were obtained fromgill net collec-
tions. Statenents regarding trout food habits are based on exam n-

ation of stomach contents of fish taken by hook and I|i ne.
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Creel Census Met hods

The creel census nay best be described as a concurrent fisherman
count and interview programdesigned to yield information on total
fishing pressure, return of marked fish to the creel, fisherman
success, species conposition of the creel, and life history data. In
addition to the foregoing categories of information, data were
coll ected on best fishing nmethods, best tinmes of the year to fish for
the various species, and the econom c inportance of the Bear Lake
fishery.

Fi shing pressure, in nunbers of fishernen present, was determ ned
by counting on a stratified, random schedule. Counts were nade on
each of two weekdays and one weekend day per week. Wekdays on which
counts were to be made were chosen randomy every two weeks; the first
weekend day only was randomy sel ected and the remai ning ones for the
year were taken alternately. Counts were made once during quarter-
day periods random zed i ndependently on the days in a manner that
insured that four tinmes of day would be sanpled in any four days.

The I ength of the possible fishing day was based on the dayli ght
period rather than the |egal day, since previous experience with

the fishery indicated that the heavi est pressure occurs at tines of
the year when the weather is too cold to encourage very early or very
| ate fishing.

Actual counts were made by driving along the road that

parallels the entire shore line. Al fishernen were visible from
this road. Boat fishernmen could be counted as individuals because

boats sel dom venture nore than a few hundred yards off shore.
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I nterviews were made on count days and on additional days when
necessary. An attenpt was nmade to interview at |least fifty percent
of the fishernen present on any day of interviewing. In the years
that the census was conducted, the follow ng approxi mate nunbers of
interviews were taken: 1953, 300; 1954, 700; and 1955, 1200.

During the 1953 census, detailed information was coll ected about
fi sherman expenditures and type of tackle used. This was not done in
the last two years because of the relatively small nunber of inter-
views that could be made when such detail ed questionnaires were used.
During 1954 and 1955, nost of the information was gat hered by direct
observation by the biologist rather than by questioning the fisher-
men. In fact, the only questions asked were the hour when the inter-
viewee started to fish and state of his |egal residence. Mthod of
fishing, creel conposition, size of fish, nunber of marked fish, tine
and | ocation of interview, and bait used were all recorded as
observations of the interviewer. It is believed that this practice
produced data that were much nore reliable than data gathered by
di rect question or mailed questionnaire. This is because a snal
but statistically reliable sanple by a conpetent biologist is better
than | arge anounts of unsubstantiated data from | aynen

The final product of analysis of each category of data coll ected
inthe field is an average. Al averages are subject to error, and
may be suspected of not representing the true average for the entire
group, which was only sanpled. The nost inportant averages, therefore,
were subjected to statistical analysis to determ ne nmaxi mum and
m ni mum val ues between which the real average woul d occur 95 percent

of the time. The averages consi dered nost inportant were the average
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nunber of fish caught per hour, the average nunber of the nore nunerals
speci es and marked groups of fish caught per hour, and the average
nunbers of fishermen present on count days. The foregoi ng averages
were determ ned separately for each season of the year and for
categories of fishermen (boat and shore) in which inspection of the
data indicated a fishery of unique attributes when conpared to the
remai nder of the data. This procedure was necessary to prevent
serious errors fromentering the final estimtes. The errors nost
likely to be introduced were those caused by differences in the
proportion between nunber of interviews and total nunber of fishernen
present and those caused by applying statistics for periods other
t han those during which certain species of fish were caught.

Per haps the errors just nentioned will be better understood from
actual exanples. |If analysis of data shows that during part of the
year when a very |low rate of success was experienced 50 percent of
the fishernen present were interviewed as conpared to only 5 percent
during a period when many fish were caught, an error-in estinmating
the final rate of success for the year would occur if the means for
the two tines of the year were not wei ghted by the nunber of fishernman
hours cal cul ated for these periods. The application of statistics
to a part of the year when they are not appropriate is illustrated
by multiplying the fishing pressure in hours for the entire year by
the success rate, in fish caught per hour, to gain an estinmated total
harvest of a species of fish caught in nunbers in only one nonth of
the year. The foregoing type of error may occur al so when conputi ng
the fishing pressure in fisherman hours if the average |length of the

daylight period for the entire year is nmultiplied by the nunber of
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fishermen counted in part of the year having exceptionally high fisher-
man counts and a very short or very |long daylight period. It is

obvi ous that the practice of dividing the data by tine of year and
type of fishing would be necessary also to determ ne just what tines

of the year and nethods of fishing are best for the various species.

The total harvest of any group of fish was conputed by applica-
tion of the follow ng formul a:

Aver age nunber of fishernmen counted x fish
caught per hour x the total nunber of day-
I ight hours available in the period considered.

The procedures for setting limts to the nean and wei ghting
nmeans and variances of strata or divisions within the data are from
Chapter 17, Snedecor (1948). A brief description of the procedures
as applied to the creel census data is appropriate here. The sum
of squared deviations fromthe nmean rate of success differs fromthe
usual sum of squares in that each deviation squared is wei ghted by
t he nunber of hours fished by the fisherman havi ng each rate of
success. The variance is then conputed by dividing by the nunber of
hours rather than by the nunber of degrees of freedom Degrees of
freedom are the nunber of interviews. Variance of the nmean and stan-
dard error of the nmean are conputed in the normal manner using the
real nunber of degrees of freedomto conpute the variance. The
vari ance of the nmean product of the average fisherman count multiplied
by the average rate of success (fish caught by all fishermen during
an average daylight hour) is sinply the sumof the squares of the

coefficients of variation (of the neans) of the two factors. The
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standard error of the mean product is, as usual, the square root of
t he vari ance of the nmean product.

The distribution of individual catch rates and nunbers of fisher-
men present both departed noticeably fromthe normal. This skewness
did not offer any difficulties to setting limts to the neans of
groups, for neans of sanples from al nost any type of distribution are
t hensel ves distributed normally.

The exact "T" value to use in the final harvest estimtes was not
determi ned easily since the degrees of freedomwere not pooled. It is
felt this is not a serious consideration '.n creel census work since
the difference between extrene values of "T" for individual strata
of the data is seldomgreat. The exact confidence |evel at which
limts are given is not known, but it appears inpossible for it to be
nore than 1 or 2 percent on either side of the 95 percent |evel.

The body of data as exam ned at the end of each year seens to
indicate that by inproving the sanple in any single category a marked
i nprovenent m ght be made in determning the limts of the final
estimate; but the category that showed the greatest variance changed
fromyear to year. The only concl usion concerning an inprovenment in
the estimate that can be drawn at the end of the study is that to be
sure of a definite narrowi ng of the confidence limts one should
i ncrease the nunber of sanples (counts and interviews) taken during
ti mes when fishing pressure is obviously greater than usual. Such
times nust be determ ned by i mmedi ate experience, for they cannot be

predicted. If the variance of rate of success and average nunber of

fi shermen present were to remain the sane fromyear to year, it could
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be shown that doubling the size of each sanple would result in an
increase in accuracy of the estimate of the total harvest of fish by
about 30 percent.
Li mmol ogi cal Met hods

Physi cal

Tenperatures were read froma Foxboro el ectrical resistance
t hernonmet er using a graduated cable and from Bat hyt her nogr aph
recor di ngs.

Turbidities were determned with a Hellige turbidineter.

A few transparency readi ngs were nade with a Secchi D sc.
Soundi ngs were made with the graduated thernoneter cable and with
graduated |lines. Soundings were |ocated by triangulation with a
sextant. The contours were |ater checked and adjusted fromtransects
made with a recording fathoneter
Chem cal

Chem cal determ nations by project personnel utilized nethods
described in Wlch (1935 with the unnodified Wnkler nethod for
oxygen. Water sanples were taken wth 1- and 3-liter Kemmerer
wat er sanpl ers
Bi ol ogi cal

Bottom sanpl es were taken with a 6-inch Ekman dredge and washed
t hrough a nunber 30 screen. Zoopl ankton coll ections were made with
a small Wsconsin plankton net of no. 20 silk as described by Wl ch
(1935). Quantitative counts were nade on 1 m. sanples obtained with

a piston pipette.
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Phyt opl ankt on water sanples were collected with a 3-liter Kemerer
wat er sanpler, and concentrated with a Foerst plankton centrifuge
(15,000 rpm and by nenbrane filter. Sanples of the concentrate were

counted in a haenacytoneter.
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Anal ytical Procedures Used In Zinc Anal yses

Department of Agriculture, Soils Laboratory, Utah State Agricultura
Col | ege

Three different sets of sanples have been
anal yzed during this tine. The first nmethod used
i nvol ved the Zincon col or devel opnent. Zincon is
a trade-nane chenical sold by the LaMbtte Chem ca
Company. Excell ent reproduction of the standard
curve was obtained with Zincon. The problem of
course, was renoving interference - in other words,
isolating the sanple to be run. This was first
done by using dithizone in rather concentrated
sol ution, as suggested for analysis of plant
material by Parks, g A, in Industrial and
Engi neering Chem stry, Analytical Edition, August
1943, pp. 527-533. The original sanple was
extracted with dithizone at pH 8.5. Zinc was
separated fromthis carbontetrachl ori de phase
fromother heavy netals by shaking with 50 nl. of
.02 normal HO for exactly two mnutes. After
extraction, the HCL was renoved by evaporation and
zinc determ ned, using the Zincon reagent.

Si nce val ues obtained by this nmethod were not
of the sanme order as those reported earlier for
both the Lake water and adjacent streans, another
met hod was used. It is described in "Standard
Met hods for Exam nation of Water, Sewage, and
I ndustrial Wastes", tenth edition, 1955. Published
by the American Public Health Association, Inc.,
1790 Broadway, New York 19, N. Y. The nono-col or
met hod i s described on pages 215 to 217. In
general, values obtoained with this nethod are sone-
what | ower than those obtained with the previous
met hod. Fairly good duplication of the standard
curve was obtained here, too, although it was not
as good as with the Zincon reagent. Standards were
run in two different ways; by adding zinc to
re-distilled water and running standards through
the sane process as was used on the sanples, and
secondly, by direct devel opnment of color on given
guantities of standard zinc solution. Three
different zinc standard sol utions were prepared;
two of themfromelenental zinc and a third from
zinc sulfate. The standards all agreed...........

Field sanples were collected in both soft gl ass,
pyrex gl ass, and pol yet hel ene bottles. They were
brought to the | aboratory w thout the addition of
HC1, and also with the addition of HCl at a rate of
approximately 10 m. of concentrated Hcl per liter
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of water. No great differences were found between
t he amounts of zinc obtained fromthe acidul at ed
and the non-aci dul ated sanpl es.

Recoveries of added zinc to the water sanples
have been good. Amounts of zinc varying from .01
to .03 ng. have been added to sanples to test
recovery.

Departnent of Agriculture, Plant, Soil and Nutrition Laboratory,
| t haca, New York

The determ nation was nmade on three liters of
each water sanple. After evaporation to dryness,
muf fling at 500° C, for two hours, the sanples
recei ved hydrofluoric-perchloric acid treatnent in
pl ati num di shes.

An al kal i ne dithizone extraction at pH 8.5
foll owed by an acid extraction (.02 N HCl) was
used to separate zinc. The actual determ nation of
zinc was done by neasuring the concentration of zinc
dithizonate in carbon tetrachloride (colorinetrically)
usi ng sodi um di et hyl di t hi ocarbanate as a conpl ex
former with zinc to reduce sonewhat the col or
intensity given by dithizone.

During the al kaline dithizone extraction at

pH 8.5, the Bear Lake sanple gave an orange to
red-orange color and was rich in a conplexing el e-
ment since four extractions were necessary to renove
the el ement. The conpl exing el enment is unknown at
this tine.
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MANAGENMENT

Regul ati ons on Bear Lake as to tine, gear, and creel nust
continue to be very liberal. Al evidence points to the fact that
only a very small percent of the population of any species is
harvested. A rather large part of the fish actually die of predation
di sease, old age or from other causes. C osures of areas should be
kept to a mninum and at no tine should the phil osophy of closing
the lake for a period to “et the little fish grow up" be allowed to
stand. The rate of success for the Bear Lake fishery probably wl|
continue to be low. One point nust be kept in mnd: this relatively
| ow rate of success is not atypical for many infertile |akes of its
size in either the United States or Canada. Consi derabl e evidence
i ndi cates that average depth and | ength of shoreline have a strong
i nfluence on productivity (Rawson, 1955). The average depth of
Bear Lake (100 feet) is nuch greater than that of nobst of the
productive western |akes, and its shoreline distance (48 mles) is
exceptionally short for its water area of nore than 100 square m | es.

The | ake trout, because of its large size and uni queness,
continues to be the prine attraction for Bear Lake fishernmen. The
| ake trout probably contributes about half as many pounds to the
creel as the cutthroat trout. Stocking of |ake trout should be
continued as long as it can be done within economc limts, although
| ake trout are becoming hard to get. Present information has not
est abl i shed what size is nbost econom cal to stock! however, it
appears that |ake trout should be at |least 7 inches |ong, and
preferably 10 inches. Probably information gathered fromthe marked
| ake trout stocked during this study will supply basis for making

future stocking policies.
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The return of rainbows, even those stocked when they are |egal -
size or larger, is very disappointing. Fishing pressure has been
primarily in late fall and in late spring. It is believed that the
nost econom cal returns conme from plantings of 10-inch or |arger
rai nbow stocked in June. These fish increase the sumrer fishery,
which is now the poorest of the year; they also help the fall fishery.
St ocked fish always should be well scattered, preferably froma
pl ane or boat. It appears uneconom cal, even under these circum
stances, to stock | arge nunbers of rainbow unless either the fishing
pressure or success and the resulting higher take is increased
several fold.

It has been pointed out that, in spite of repeated stockings
during the past 35 years, native fish still dom nate Bear Lake.

This is particularly true of the cutthroat trout, which grows to a
size of 6 to 10 pounds and provides nost of the larger size fish in
the creel, except for the relatively few | ake trout. Since cutthroat
trout live for several years in Bear Lake, as opposed to rai nbow
trout, many of which do not, they are much nore likely to grow to

| arger size and are nore likely to be exposed to several years of
fishing pressure. An additional benefit is that the difference in
the size of the cutthroat trout between stocking and capture is often
several fold. However, when the cost of cutthroat planting since
1946 is conpared to the value of the estimated harvested since 1948
(sane rate as present), it is apparent that planting cutthroat is a
very expensi ve business, even when their |arge size is considered.

A few kokanee were in Bear Lake in 1954 and 1955. They were

originally introduced in a series of plantings nade between 1933 and



-85-

1938. Results of these early plantings are not encouragi ng.
Apparently, the kokanee rarely grow |l arger than 8 inches in Bear Lake,
and relatively few have survived to reproduce. However, if the
kokanee shoul d beconme established and grow to a size acceptable to
fishernmen it would be a fish that does not conpete for critical food
and, froma table and sporting standpoint, it is desirable. A large
pl anting of kokanee fingerling each year m ght produce a substantia
fishery.
Yel | ow perch in Bear Lake reach a size quite acceptable to
fi shernen. The perch fishery is confined alnost entirely to the
area near the punping station. Wien conditions are right, the perch
spawns in the early spring on the aquatic vegetation in Miud Lake;
i f the water novenent is sufficient to carry these young fish into
Bear Lake, a substantial fishery is produced that nay | ast for one
or two years. Little can be done to inprove the perch fishery;
rather, it is nerely sonmething to be utilized when it is avail able.
The Bonneville is the only one of the four whitefish taken with
any degree of regularity on hook and line in Bear Lake. None of the
ot her whitefish can be harvested effectively except with a gill net.
The two smaller whitefish, particularly the Bonneville cisco, are
utilized extensively as food by the |arger trout and presumably, to
sone extent, by the Bonneville whitefish. The Bear Lake whitefish
rarely grows |onger than 10 i nches, and does not nove cl ose enough
to shore to be within reach of fishernen (it sel dom appears in water
| ess than 75 feet deep). It seens to have less inclination than the
Bonneville whitefish to take a hook. The Bonneville cisco is absent

fromthe sport fishery,. possibly because of its very small nouth.
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The Bonneville whitefish is so abundant that there is no evidence
that the fishery depletes its population at all. This fish should
be utilized nore freely than it has been, and fishernen should be
encour aged, possibly through education, to use it nore. Both the food
val ue and pal atability of snoked whitefish are high

The Ut ah sucker, the carp, and the Utah chub do not contribute
to the sport fishery. Since there is no comrercial fishery, their
only benefit to the sport fishing is whatever their young contribute
to the diet of gane fish. This contribution certainly is not inpor-
tant, and limted evidence suggests that their value is, at best,
neutral. A substantial nunber of the young of these three fish drift
in fromMd Lake in years when the spawni ng condition for themis
optimum and when there is an adequate flowto carry theminto Bear
Lake, It is possible that a period of several years of high water
and optimum conditions could create a condition in which one or al
of these fish would actually have a serious detrinmental effect on
sport fishing. If this should ever occur, then it woul d appear
desirable to use comrercial nethods to reduce the popul ation. At
present the problemis not critical.

One trout that has never been stocked is the kam oops trout.
This fish is a subspecies of rainbow Certainly no one could object
to introduction of the kam oops on the ground that, as a new fish,
it mght create harnful results. The kam oops trout, in the presence
of a large prey popul ation such as kokanee, reaches a size of 3 to
8 or nore pounds. Fromthe sportsman's standpoint, it is really a
counterpart of the |lake trout and possibly would do no better than

the | ake trout. The rai nbow spawni ng habitat in Bear Lake is poor,
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but no worse than that of the lake trout. It should be pointed out
that no successful kanml oops fishery has ever. been produced by stocking.
The Dol ly Varden trout may, because of its large size, warrant serious
consi deration as a gane fish.

Fromtine to tinme, habitat inprovenents have been suggested for
Bear Lake. One of these includes a series of 100 or nore encl osed
aspen pole cribs filled with brush and native hay. These cribs would
increase the nutritive value of the water in their imediate vicinity
by producing limted additional zooplankton which, in turn, would
attract small fish; and these, in turn, attract larger fish to the
area. In the md-west and eastern United States these devices have
been used successfully to concentrate |egal-size fish. Since cover

for invertebrates and small fish is so sparse in Bear Lake these
shelters merit serious consideration. It has al so been suggested
that if large rubble areas were to be created on the east side of
Bear Lake, between north and south Eden, |ake trout m ght reproduce
nore successfully than they do at present since nost of that area
is covered by silt. This type of inprovenent woul d protect eggs

and small fish, but it would be extrenely expensive.
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